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PREFACE 

This book claims recognition on account of the dis- 
tinctively practical character of its lessons. Although 
much attention is devoted to anatomy and physiology, 
it is only because a clear understanding of these sub- 
jects is indispensable to a correct knowledge of hygiene. 
No person can have an intelligent comprehension of 
the laws of health unless he is familiar with the struc- 
ture of the human body and the functions of its several 
parts. In this volume those physiological facts which 
are most necessary to be known are told in language 
easily understood and with all desirable fullness. The 
aim has been to present the various subjects in their 
logical order, each chapter, as in a continued story, lead- 
ing up to and suggesting the chapter which follows. 
Pupils are encouraged to form conclusions of their own. 
The practical questions which frequently occur are so 
framed as to elicit original thought. The review 
questions are intended not so much to test the memory 
as to draw forth opinions and suggest practical appli- 
cations of the truths learned. Many other deviations 
from the usual style and manner of books on this sub- 
ject will be noticed. Part First, including about 
three fourths of the work, is devoted to a study of the 
body and the functions and preservation of its parts — 
thus presenting anatomy, physiology, and hygiene in 
their inseparable relations. Part Second is devoted 
entirely to hygienic subjects — food, drink, clothing, 
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4 PREFACE. 

exercise, habits of life, cleanliness, ventilation, 
extraneous influences upon health, and the means of 
restoring lost vigor and of combating disease. Special 
attention is given to the nature and effects of alcohol 
and other narcotics, thus meeting the requirements, 
in this respect, of the laws relating to such study. 
The demand for school instruction regarding the 
prevention of contagious diseases is met in a care- 
fully prepared chapter on that subject. Other chapters 
on first aid to the injured and on the proper care of the 
sick, giving concise directions easily comprehended by 
everybody, add still further to the practical value of 
the work. Throughout the volume the author has 
endeavored to avoid technicalities and to present every 
statement in such a way that the youngest pupil may 
readily comprehend its meaning. The audience which 
he has had in mind is not one of medical students, but 
is composed of young people in grammar, ungraded, 
and high schools, who study these subjects in order to 
acquire intelligent ideas regarding the preservation of 
their own health, the development of their strength, 
and the general betterment of their lives. 
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HUMAN PHYSIOLOGY AND HYGIENE. 

I.— MAN'S PLACE IN NATURE. 

1. Man is a creature of so complex a nature that to 
know him, he must be studied in various aspects and 
from many different points of view. This fact has 
given rise to several sciences, each of which has man 
as its subject. Psychology, viewing him as a rational 
beings has for its object the investigation of the princi- 
ples which underlie and control the operations of his 
mind. Ethics, regarding him in his relations to his 
fellow men, is concerned with the examination and 
discussion of the duties which he owes to himself and 
others as an intelligent moral agent. Theology, 
although seeking primarily to learn all that may be 
known about God, nevertheless includes a compre- 
hensive study of man as a spiritual being having certain 
well-defined relations and obligations to his Creator. 
Anatomy and Physiology, recognizing only his cor- 
poreal existence, and therefore viewing him simply in 
his character as an animal of the highest order, have 
for their object the study of his body, its appearance, 
its structure, and the functions of its various organs 
and parts. 

These four branches of knowledge treat of man in 
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12 HUMAN PHYSIOLOGY AND HYGIENE. 

his fourfold nature ; that is, as the possessor of reason, 
of a moral sense, of a spiritual nature, and of a 
material body. In the studies in which we are about 
to engage we shall consider him only as regards the 
last of these endowments. 

From Anatomy we shall learn the most general and 
important facts concerning the structure of the human 
body, and the composition, shape, and appearance of 
its various parts. 

Fro^ Physiology we shall acquire much necessary 
knowledge regarding the action and uses of the parts 
or organs, and the various life processes by which the 
strength and health of the body are maintained. 

These two subjects are so closely related to each 
other that they are generally studied together as essen- 
tially one and the same branch of knowledge. 

2. Man as an Animal. — So far as regards his physical 
structure, that is, the composition of his body and the 
action of his organs of life and motion, man is essen- 
tially an animal. But of all animals he is the highest 
type — the most complex in organization, and the most 
thoroughly adapted to the conditions of life in which , 
he is placed. The points of resemblance between him 
and the lower animals are very striking. 

If we classify him with those whose physical struc- 
ture is nearest like his own, we shall place him in the 
great sub-kingdom of vertebrates^ or backboned animals, 
and in the group called mammals^ which includes all 
those vertebrates whose young derive their sustenance 
from their mother's milk. But man resembles some 
mammals much more closely than others; and hence if 
we classify him still more exactly, we shall place him 
with monkeys and apes in that division of mammals 
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usually known as primates — a division which includes 
the highest forms of all animal structures. 

Why thus include man in the same class with apes 
and monkeys? In his physical conformation he is cer- 
tainly vastly superior to the highest type of apes, and 
this fact has led many naturalists to ask why he should 
not be classed in a distinct zoological order by himself. 
But Professor Huxley and others who have devoted the 
most careful attention to this subject, have arrived at 
the conclusion that, after all, the anatomical differ- 
ences between man and the higher apes are not greater 
than those which separate these man-resembling apes 
from apes lower in the scale of existence. And as 
naturalists are agreed in placing both the lower and 
the higher apes in the order of primates, there seems 
to be no good reason why man should not be placed 
there also. 

3. Man's Superiority. — Although the human body 
resembles the bodies of lower animals in so many 
respects, it differs from them in various important 
features, and possesses numerous peculiarities of struc- 
ture that are distinctively human and not found in any 
of the lower animals. These peculiarities in every 
case contribute to man's superiority. 

In the first place, man is the only animal that can 
stand and walk erect — that is, with the spinal column 
at right angles with the earth's surface, and in a 
direct line with the head and legs. The parts of his 
body are so perfectly adjusted that he can continue in 
this attitude without apparent effort and without 
fatigue. While the lower limbs suffice for support and 
locomotion, the upper limbs are left free for the per- 
formance of other functions which to inferior animals 
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Fig, 2. 




are impossible or at best imperfect. The head is so 
perfectly balanced on the top of the spinal column as 
to place the face and eyes exactly to the front. The 
hands are so constructed as to adapt them to all kinds 
of work, from that requiring the lightest and most 
skillful touch to that involving the exercise 
of great strength or ingenuity. These are 
some of the most readily apparent and most 
important differences between man and even 
the highest of the lower animals. 

Let us observe some of the advantages 
which man derives from his habitually erect 
position in standing and walking. The dia- 
gram (Fig. i), shown in the 
margin, illustrates the position 
(^p-\ ]l J\ ^^ ^^^ principal parts of his piq. i. 
^,' }) ^^^7 with respect to one an- 

^ " other and also with respect to the earth 

on which he stands. The line which 
marks the center of grav- 
ity when his body is in an 
erect position, coincides 
almost exactly with the spinal column. 
In all other backboned animals the. po- 
sition of these parts is markedly differ- 
ent. In some, as birds and apes, 
(Figs. 2 and 3), the spinal column 
is in an oblique position with refer- 
ence both to the center of gravity 
and the earth's surface. In most '^'" ** 

four-footed animals (as in Fig. 4) it is at right angles 
with the line of support and nearly horizontal. The 
hip and knee joints are bent at ajigles more or less 
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acute ; and the upper or forward limbs are intended for 
support or progression, and are therefore unfitted for 
other purposes. The inconvenience and inferiority of 
such positions when compared with the erect carriage 
and freedom of movement 
which characterize the hu- 
man body are clearly appar- ^ytj^ 
ent. ■ — T ' I / 

In the ape, which has a 
body the most nearly like 
that of man, there are still 
other differences both in the 
position of the trunk and 

head and in their general contour and relative propor- 
tion. The ape's skull is smaller, its arms are longer, 
its legs are proportionately shorter than those of man. 
The greatest difference exists in the comparative size 
and organization of the brain. While the weight of 
man's brain is hardly ever less than forty-two ounces, 
the brain of a gorilla, which is a much larger animal, 
seldom weighs more than twenty ounces. 

4. Man's True Place in Nature may be briefly summed 
up and described as follows: He belongs (i) to the 
animal kingdom; (2) to the sub-kingdom of verte- 
brates or backboned animals; (3) to the class of 
vertebrates called mammalia; (4) to the order of 
mammalia known as primates. While in many re- 
spects he bears a close resemblance to lower animals, 
the general structure of his body is such as fits him 
to occupy the highest place in the scale of life upon 
the earth. Of these latter characteristics we shall 
learn many particulars as we continue the study of this 
subject. 
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II.— PRELIMINARY DEFINITIONS. 

6. The Body Composed of Parts. — The most ignorant 
observer will not have failed to notice th^ the human 
body is composed of several related parts, each of which 
has its own offices or functions to perform. The most 
obvious of these parts are the head, the trunk, the legs, 
the arms; and these, taken together, comprise the 
entire body. There are also many minor parts, sub- 
divisions of these major parts, such as the face, the 
eyes, the ears, the nose, the mouth, the hands, the 
fingers, the feet, the toes. The body has sometimes 
been compared to a house with various floors and pas- 
sages, with doors and windows, and with all the appur- 
tenances aAd appliances necessary to the comfort and 
health of its inhabitant. 

6. The Body Composed of Various Materials. — ^As a 
dwelling house is built of various materials, — such 
as wood, stone, brick, mortar, glass, — so also is the 
body made up of several different substances forming 
the bones, the flesh, the blood, the skin, the hair, and 
various other structures and tissues. Continuing the 
comparison still further, we shall find that, as in a 
dwelling house there are various arrangements for pro- 
viding its inmates with heat, air, light, and food, so also 
in the human house which we call the body, there are 
organs or sets of organs designed for the performance 
of specific duties necessary to the life of its occupant. 

7. Definitions. — The foregoing observations and 
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comparisons lead us to the following definitions 
which we must necessarily understand before proceed- 
ing to a study of the human body in detail. 

(i) Tissues. The materials of which the different parts 
or organs are composed are called tissues. Thus the bones 
are composed chiefly of osseous tissue ; the muscles of 
muscular tissue ; the ligaments of connective tissue. 

(2) Organs. An organ is a certain part or struc- 
ture of the body, composed of one or more tissues and 
designed to aid in carrying on some action essential to 
the well-being of the whole. The heart, the lungs, the 
stomach, are organs. 

(3) System. A combination or assemblage of parts 
composed of the same or similar tissues is called a sys- 
tem. The bones, taken together, comprise the osseous 
system; the muscles, the muscular system; the skin 
and its appendages, the tegumentary system. 

The word system is also applied in a wider sense to a 
concurrence of parts or organs in the performance of 
some particular function. We speak, therefore, of the 
digestive system, the respiratory system, the circula- 
tory system, each of which includes several organs, or 
parts, and is made up of widely dissimilar tissues. 

In a third and still broader sense, the word system 
is used to indicate the entire body as a physiological 
or an anatomical whole, as when we say, "The system 
needs exercise," or, '*His system is exhausted." 

(4) Function. The particular office or action per- 
formed by an organ or any distinct part of the body, is 
called its function. Thus the function of the teeth is 
to masticate the food ; one function of the bones is to 
protect different parts of the body; the function of the 
heart is to promote the circulation of the blood. 
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III.— THE CONSTRUCTION OF THE BODY. 

8. Tissues of the Body. — It has just been said that 
the body is made up of various tissues. Let us examine 
into this matter a little more closely. We do not have 
to go to books to learn that the constituent substances 
of the body are some of them solids, and some of them 
fluids. Of the solids, the most familiar examples are 
the bones, the teeth, the hair; of the fluids, the most 
abundant is the blood. 

All the tissues are solids; but it must not be sup- 
posed that any tissue exists wholly separate from other 
tissues. For example, the bones are composed essen- 
tially of osseous tissue^ but in every living bone there 
are other tissues which are necessary to its growth and 
strength. Muscles are composed mainly of muscular 
tissue, and yet in every muscle there are blood vessels, 
lymph vessels, and connective tissue and nervous 
tissue. 

9. Appearance of the Tissues. — By carefully observ- 
ing the various structures that compose the living 
body, we shall learn not only to distinguish the difi^erent 
tissues, one from another, but to understand the 
functions which each performs in the animal economy. 
We perceive that osseous tissue and cartilaginous 
tissue resemble each other in being arranged in com- 
pact masses; but the latter differs from the former in 
being softer, whiter, and generally more elastic. 
Other tissues, as the muscular and the nervous, are 
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composed of threads or fibers arranged in various 
ways; others, as the mucous, the membraneous, and the 
serous, are spread out in thin membranes upon the sur- 
face of certain parts or organs; still others, as those 
composing the blood vessels, are arranged so as to 
form tubes or vessels for the passage of the liquids of 
the body. Thus the more deeply we enter into the 
study of this subject, the greater does the complexity 
of the body's construction appear to be. 

10. Composition of the Tissues. — Now having learned 
• that the solid portions of the body are composed of tis- 
sues variously constructed and differing greatly in 
appearance, let us go a step further in our inquiries 
and ask, of what are the tissues themselves composed? 
If they were merely dead matter it would be easy, 
through the aid of chemical analysis, to answer this 
question by naming the elements into which they may 
be resolved; and there the investigation would end. 
But the tissues are not dead matter. They are parts of 
a living body and as such they are capable of grow- 
ing, of nourishing themselves, and of maintaining for 
a limited time their structural perfection. And so 
we must study them not as dead matter, nor simply 
as chemical elements existing in certain definite combi- 
nations, but as forms of matter exhibiting the phe- 
nomena of life and depending upon the operations of 
the laws of life for their existence. 

11. Cells. — All the tissues of the body are composed 
of cells or of material derived from cells. A cell is the 
simplest form of organized living matter. All plants, 
as well as all animals, originate from a primary cell 
which, by division into other cells and by differentiation 
in form and composition, produces the various tissues. 
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A typical cell is a minute vesicle, visible only under 
the microscope, and of a viscous or jelly-like consist- 
ency (Fig. 5). It is more or less granular 
in appearance, like a sheet of ground glass, 
and generally contains in its center a minute 
oval body called a nucleus. The nucleus 
in turn often contains one or more still 
smaller bodies called nucleoli, 

12. To the cell in its ultimate manifesta- 
tion as the physical basis of life, the name protoplasm 
(from Greek protos^ first, plasma^ anj^'thing formed) is 
applied. Protoplasm, wherever it exists, contains as 
necessary constituents four elements, carbon, oxygen, 
hydrogen, and nitrogen, united in extremely complex 
and unstable molecular combinations. 

In some of the lowest animal and vegetable forms 
a single cell constitutes the entire individual; these 
are said to be protoplasmic. Others consist of two 
or more -ells; and, generally, those highest in the 
scale of existence possess organisms the most complex. 
It is by the multiplication and differentiation of cells 
that the various forms of life are produced. 

18. Cells have the power of taking in materials 
from the medium which surrounds them. They are also 
capable of selecting nutriment and converting it into 
their own substance. It is therefore in these minute cells 
that the nutrition of the body ^^ 
takes place. Single cells, by ^jfc MSS^ H^^ A ^ 
dividing and subdividing, ^^ ^BJF ^^^ w w 
may form numerous inde- ^'\^^l^''&^l^x^^'^'^ 
pendent cells, each having its 

own life (Fig. 6). It is by their increase in size and 
number that the growth of the body is effected. Under 
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Stimulation certain cells have the power of motion or 
contractility; other cells have other powers, such as 
the secretion of liquids, or the transmission of sen- 
sation. 

Not only are all the tissues, or solid parts of the 
living body, composed of cells, but many of the fluids 
also have cells; or other solid particles, suspended in 
them. This is particularly true of the fluids that are 
concerned in the nutritive processes, such as the blood 
and the lymph. 

14. Each cell has its own independent life. Some 
exist but a brief period; others live for years. The 
changes that are constantly going 
on in the body are the results of 
changes in the protoplasmic ma- ^ 
terial of its cells — changes which 

affect the growth of the cells, Fio.T.— various forms of cells. 

their multiplication, their break- 
ing down, their removal. So long as the formation of 
the cells goes on more rapidly than their breaking 
down, the body grows, or increases in 
size. When the breaking down process 
is just equal to the process of construc- 
„ . „ , tion, growth ceases and there is little 

Fio. 8. Groups of ' *^ 

SfflSu******^ ""**" ^^ ^^y change in the bulk or strength 
of the tissues. When the cells par- 
tially lose their power of multiplication or construc- 
tion, the breaking down process exceeds the accumula- 
tion of new matter, and decay of strength and vitality 
is the result. 

15. Chemical Composition of the Body. — ^We have 
spoken of the body as composed of parts which the 
most illiterate person can distinguish (§ s); we have 
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seen that these parts are made up of organs or systems 
of organs designed for the performance of definite func- 
tions; we have learned that these organs are composed 
of tissues of many different varieties; and finally we 
have discovered that the tissues are aggregations of 
minute cells, the simplest forms of organized living 
matter, which we may describe as being individuated 
masses of protoplasm. Thus far we have regarded 
the body as being animated or possessing life ; but let 
us think of it now under another aspect irrespective of 
the phenomena of life, and we shall find that it is an 
aggregation of variously combined chemical elements. 
Indeed, all material objects, all substances of which 
we have any knowledge, are composed of one or more 
of such elements. 

16. We have already said, (§ 12), that four elements, 
carbon, oxygen, hydrogen, and nitrogen, are the neces- 
sary constituents of protoplasm. These, combined with 
numerous other elements, constitute the entire material 
of the human body. As would naturally be supposed, 
some of the tissues contain certain elements in much 
larger proportions than do others : for instance, in the 
bones, or osseous tissue, we find large quantities of 
calcium; in the hair and nails sulphur exists in com- 
bination with other elements; of the blood, iron 
is one of the peculiar constituents. Besides these 
elements there are others in the various tissues, 
as phosphorus, magnesium, sodium, potassium, chlo- 
rine, fluorine, manganese, and perhaps two or three 
more. 

17. The following table shows the average propor- 
tion in which the various elements usually exist in the 
human body : 
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Elements. 

Oxygen . 
Carbon 
Hydrogen 
Nitrogen . 
Phosphorus 
Calcium . 
Sulphur . 
Sodium 



Parts in 1000 
720. 
135. 
91. 

25. 

11.5 

13. 

1.476 

I. 



Blementa. ParU in 1000 

Chlorine 85 

Fluorine 80 

Potassium 26 

Iron 10 

Magnesitun 012 

Silicon 002 

Manganese . merely a trace. 



But it must not be supposed for a moment that these 
elements are found in a free or separate state. Oxy- 
gen and hydrogen exist in combination with each other 
in the form of water. Oxygen is also combined 
variously with other elements, thus forming many com- 
pound inorganic salts, such as carbonate of lime (which 
is composed of carbon, oxygen, and calcium) and 
sulphate of potash (sulphur, oxygen, and potassium). 
These substances enter into the composition of certain 
portions of the body, as the bones, the teeth, etc. 
Other combinations of elements compose other tissues 
or structures. 

18. We shall presently learn that the different tis- 
sues are nourished and sustained by the food which 
is eaten. Now it will be plain to you that no substance 
can give nourishment to any tissue unless it contains 
at least one of the elements composing that tissue. 
The bones must have calcium or lime ; the hair and 
nails must be supplied with the requisite proportion of 
sulphur ; the blood must have its modicum of iron ; and 
each part of the body must receive its due supply of 
the elements which enter into its structure. . 

The foregoing are a few foundation facts, the remem- 
brance of which will help you later on to a clearer 
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understanding of many of the principles of anatomy 
and physiology. 

19. Practical ftnestions. — Name some of the different 
sciences which have man for their subject. How 
many and which of these sciences have also the ape or 
the horse for their subject? 

From your answers to these two questions deduce 
an answer to this: In what respect is man wholly 
different from other animals? 

Why do we say man is an animal of the highest 
type? Why is he classified with apes? 

What are the advantages of the erect position 
in standing and walking? Although apes some- 
times walk or stand erect, in what respects are their 
bodies not adapted to an upright position? 

How may the body be compared to a house? In what 
particular respect does this analogy fail to hold good? 

Name the functions of the hands ; of the teeth ; of 
the eyes ; of the feet. 

What is the minutest, and so far as we know, the 
ultimate form of organized living matter? What action 
takes place when a muscular cell is stimulated? 

Does the duration of life of a cell differ from that of 
the body in which it occurs? In what particular respect 
does youth differ from adolescence, or middle age? In 
what respect from old age? Explain why. 

If a person could wholly avoid accidents and escape 
disease would he live always? Why not? 

Name the four most important inorganic elements 
found in the body. How many chemical elements 
enter into the composition of the various tissues? 

In what tissues does lime exist; sulphur? 
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IV.— OSSEOUS TISSUE. 

20. The Body a House. — The body has already 
been compared to a house with its various rooms and 
passages, its doors and windows, and its numerous 
appurtenances and appliances for the comfort of its 
occupant. We have begun a careful study of that 
house and wish to examine the details of its construc- 
tion. We have already considered briefly its outside 
appearance, and we have observed in a general way 
the nature of the material which enters into the com- 
position of its parts. As in observing the structure 
of a common house it is useful for one to know at the 
outset what is meant by certain expressions, as floors, 
ceilings, wainscoting, mortar, and brick, so also in the 
study of the human house it has been necessary for 
us to learn the meanings of such terms as system, 
organs, tissues, and other names and words which we 
shall constantly use as we proceed. 

Wishing now to make a somewhat detailed observa- 
tion of the parts of the house, our first inquiry is with 
reference to its framework, for upon that framework 
depend the shape, the strength, and the general ap- 
pearance of the entire structure. 

21. The Framework of the Body. — What is the frame- 
work of the human body? No intelligent person will 
need to be told that it is the bones, so arranged and 
joined together as to form the structure commonly 
called the skeleton. The material of which this frame- 
work is chiefly composed is osseous tissue. 
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22. Appearance of Bone. — The common name for 
osseous tissue is bone. Like the other tissues it is 
composed, in the living organism, of minute cells 
having the character and properties 
possessed by all cells. If you could 
see live bone as it really exists in the 
body, you would perceive that it is 
not exactly like the white, inanimate 
substance, called bone, which is 
picked up from the ground or taken 
from a joint of beef on the table. 
When all the cells are alive and 
actively at work, when the blood 
vessels and other tissues Which help 
to compose the living bone are pres- 
ent in their natural order and ar- 
rangement, bone has an appearance 
quite different from that which it 
takes on in the dried skeleton. Dead 
bone, — the kind that we usually 
see, — is of a uniformly white color. 
Live bone, — the bone in the living 
body, — is pinkish white on the sur- 
face, varying to a deep red near its 
center. 

23. Strnctnre of Bone. — Osseous 
tissue, — that is, the true bony sub- 
stance, — is one of the hardest sub- 
stances in the body. It is also more or less tough and 
elastic. It is not everywhere the same. 

Experiment: — Take any bone, as that from a joint of 
beef. Saw through the middle of it and examine the 
section closely. You will see that the tissue composing 




Fig. 9.— Section of a 
Bone. 

A.— Cancellous osseous 
tissue. 

B.— Compact osseous 
tissue. 

C. — Medullary space 
(8 25). 
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one part of it appears to be quite different from that 
composing the other part (Fig. 9). The outside part 
is dense and compact ; the inside is more porous and 
consists of slender fibers arranged in the form of lat- 
tice work. The former we call compact osseous tissue; 
the latter we call cancellous osseous tissue (from Latin 
cancelli^ lattice work). It is also sometimes called 
spongy tissue on account of its porous character. 

These two varieties of osseous tissue exist in differ- 
ent proportions in all the bones. Where most strength 
is desirable, the compact tissue predominates ; where 
lightness is requisite and great strength not so neces- 
sary, the bone is composed chiefly of cancellous tissue. 

24. The Periostenm.— The live bone is enclosed iu a 
strong fibrous tissue called the periosteum (Fig. 10). 
The periosteum covers the bone com- 
pletely except at those points where 
it forms joints with other bones. It 
consists of two layers closely united 

, ,. Pig. 10.— A Bone, 

together. Where tendons or liga- "^^^'J^tiy^reKSlfSi®""^ 
ments are attached to the bone they 
are incorporated with it. The periosteum is every- 
where traversed by a network of small blood vessels 
which supply nourishment to the bone. 

The importance of the periosteum in protecting and 
in promoting the growth of the bone which it encloses 
is very great. In some cases parts of bones have been 
removed leaving the periosteum uninjured, and new 
bone has been formed in place of that removed. But 
if the periosteum itself be removed or injured, the 
bone loses its vitality and dies. 

25. The Marrow. — The shafts of the long bones con- 
tain a cylindrical cavity, or hollow, in which is a sub- 
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-A 
-B 



Flo. 11.— Cross Sec- 
tion OF LONO BOMK. 

A.— Compact tissue. 
B. — MeduUi 
nal. 



dullary ca- 



and is also 



stance called marrow (Fig. 9). The marrow fills not 
only these cavities, called medullary spaces^ but also the 
spaces in the cancellated or spongy tissue of all the 
bones. Marrow is of two kinds — red 
and yellow. The red marrow is found 
in the cancellated tissue of the short 
and irregular bones. It consists of 
numerous minute cells of a roundish 
nucleated form, and many small blood- 
vessels; and it contains but very little 
fat. The yellow marrow fills completely 
the medullary spaces of the long bones, 
found in the cancellated tissue of 
others. It is composed almost wholly of fat. Very 
little is known as to the functions of the marrow, 
but it is probably of much value in the nutrition of 
bone. 

26. The bones are all well supplied with blood- 
vessels. These are arranged 

chiefly as a dense network of 
minute tubes traversing the 
periosteum and penetrating the 
osseous tissue. Nerves also are 
distributed to the periosteum 
and thence extend into the in- 
terior of the bone. 

27. Microscopic Structure of 
Bone. — Examine a section of a 
long bone under the microscope. 
Observe particularly the compact 
tissue and also the wall of the 

medullary space. You will see that they are full of 
minute orifices. These orifices are the mouths of 




Fro. 12.~Cbo88 Section of ▲ 

ThINSLICUOFBOKS HIOHI.T 

Magnified. 
A.— Haversian canals. 
B, B.— Lacunae. 
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exceedingly small tubular passages or canals which 

traverse the compact tissue of the bone. 

These canals are cylindrical in form and from i-iooo 

to 1-200 of an inch in diameter. They are connected 

in such a manner as to fill the 

osseous tissue with a complete 

network of canals. They are 

called Haversian canals^ from the 

name of their discoverer, and are 

channels for the passage of the 

minute blood and lymphatic ves- 
sels that are supplied to the bones. 

Encircling each Haversian canal 

as a center, are to be seen numer- 
ous thin plates of bone tissue. 

These thin plates of bone when 

in their natural position may be 

compared **to a number of sheets 

of paper pasted one after another 

around a central hollow cylinder. " 

Between these plates of bone, 

which are called lamella^ are numerous dark specks 

connected with each 
other and with the Ha- 
versian canal by fine 
lines. These dark 
specks are called lacu- 
nee. During life they 
are each filled with a 
cell or cells whose func- 
tion is to bring nutri- 
tion into contact with the true bony tissue. (Fig. 14.) 
28. Chemical CompositioiL of Bone. — Bone is composed 




Fie.M. 
liONorrnDiNAi. Skottok oj 

BONB HIGHLY MaQMIFIJBD.. 

A, A.— Haversian canals. 




Fia. 14.~Bo2nB CKLia. 
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of earthy, or inorganic matter, and animal, or organic 
matter, intimately combined together. These constit- 
uents exist in different proportions at different periods 
of life; but generally speaking, a bone contains two 
parts of earthy matter to one part of animal matter. 
The animal matter gives the bone its elasticity and 
toughness; the earthy matter, which is chiefly phos- 
phate of lime, gives it its hardness. 

In childhood there is a much larger proportion of the 
animal matter, and hence the bones are 
more pliant and not so easily broken. 
But in old age the earthy is in excess and 
the quantity of the animal matter is de- 
ficient ; hence the bones of elderly people 
are more brittle and easily broken. 

Experiment: — Here is a common but 
nevertheless interesting experiment. Take 
a long, slender bone and immerse it in 
diluted muriatic acid. In a short time it 
will become flexible, bending easily in 
every direction. It may even be tied in 
a knot (Fig. 15). Why is this? The acid 
has dissolved and removed the mineral 
part and left only the animal part ; but 
it has done ' this without changing the 
form of the bone. 

Try now the opposite experiment. Take another 
bone and put it in a hot fire. The animal matter will 
be burned out and only the earthy matter will remain. 
If carefully handled, its shape will not be changed, 
but it will lose weight and become so brittle that you 
can crumble it between your fingers. Now try each 
of these experiments again, weighing the bone care- 




FiG. 15. — Bone 
from which the 
earthy matter 
has been re- 
moved, tied in 
a knot. 
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Fig. 16. — Cross section of 
long bone from which the 
earthy matter has been 
removed. 



and blood vessels. 



fully both before and after. How much weight does 
it lose each time? What proportion is this of the 
whole weight? What do you learn from this? 

In order that the bones may keep their shape and 
be strong, it is important that the proportion of animal 
to earthy matter should remain 
about as has been learned from 
these experiments. Somewhat 
more than half the bone by weight 
is phosphate of lime. Then there 
is of carbonate of lime, one tenth, 
besides three or four other sub- 
stances in smaller quantities. 
About one third of the bone, — 
the animal matter, — ^is composed 
of organic substances, gelatin, 

29. Review Questions. — Name some substances be- 
sides osseous tissue which enter into the composition 
of the bones. 

Why is it necessary that the bones should be slightly 
elastic? 

Which are the more elastic, the bones of a child, or 
those of an aged person? Why is this so? 

Why should not children be encouraged to walk very 
early? Why should they not be required to carry 
heavy burdens? 

Why is it that children are often uninjured by falls 
which would be disastrous to old people? 

Why is the periosteum supplied with so many blood 
vessels? Are there any blood vessels in the bones? 

Of what use are the bone cells? What is meant by 
the true bony tissue? 
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v.— CARTILAGE. 

30. Appearance of Cartilage. — In various parts of the 
body, but chiefly connected with the bones, there is a 
peculiar substance called cartilage. In some respects 
it resembles bone ; but it is softer, whiter, more elastic, 
and more pliant. In color it is pale bluish-white ; but 
when cut in thin slices it appears quite transparent. 
Cartilage has so many resemblances to bone that it is 
sometimes described as bony matter in a state of prep- 
aration, and yet true cartilaginous tissue differs in 
some very important respects from osseous tissue. 

Cartilage is enclosed in a tough membraneous tissue 
called the pertckondriujn^ which is very much like the 
periosteum that invests the bones. The cartilages 
serve an important part in the framework of the body, 
and are indispensable adjuncts to the bony skeleton. 

81. Ossification. — In infants very many parts of the 
skeleton, which afterwards become bone, consist of 
cartilage. Gradually the cartilage cells enlarge and 
arrange themselves in rows, becoming farther and 
farther separated. Meanwhile there is constantly 
going on a deposit of earthy matter between them. 
After a time the cartilage cells disappear, and true 
osseous tissue is formed. This change is called ossi- 
fication and is a very complicated process. 

Some parts of the body remain in the cartilage state 
during the whole period of life. For instance, the 
parts of a bone where it unites with another, forming 
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a movable joint, are always covered with cartilage. 
The ribs are connected with the breastbone by means 
of cartilages. Cartilage performs also an important 
function in the walls of various passages which re- 
quire to be kept open — such as the windpipe, the nos- 
trils, the ears. 

32. Varieties of Cartilage. — There are several varie- 
ties of cartilage differing from true or hyaline carti- 
lage^ the kind we have just described, both in ap- 
pearance and in functions. One 
variety called yellow or elastic car- 
tilage is found in the outer ear, in 
the epiglottis and elsewhere, and 
contains numerous interlacing elastic 
fibres. Another, called fibro carti- 
lage, has much the same functions 

Fig. 17.— Cabtilagk Cblls 

as common connective tissue. 

33. There are but few blood vessels in cartilage, 
except that wherein ossification is taking place. In 
old age, by the deposit in them of lime salts, many of 
the cartilages become hardened, but not changed to 
bone, depriving the body's framework of much of its 
elasticity and ease of movement. 

34. Ankylosis. — In early life many of the bones 
which are afterward only a single piece, are composed 
of two or more distinct parts united only by cartilage. 
For example, the sternum or breastbone in childhood 
consists of five separate pieces; but in later life these 
grow together and form but a single bone. This proc- 
ess of the union of two or more bones into one is called 
ankylosis. Sometimes ankylosis may occur in a joint; 
the bones composing the joint unite to form appar- 
ently one bone, and the joint then becomes immovable. 
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VL— STRUCTURE OF THE SKELETON. 

86. What is the Skeleton? — As the framework of a 
house not only consists of posts, beams, and girders, 
but also includes mechanisms or appliances which bind 
the different parts together, so too the framework of 
the human body comprises besides the bones, both the 
cartilages and the ligamentous tissues which are essen- 
tial to its completeness. The word skeleton in its broad- 
est sense has reference to this framework in its entirety 
as it exists in the living body ; but in its restricted and 
more common meaning it relates only to the bones 
arranged in their natural positions. 

In our study of this subject it will be better if we 
think of the skeleton not as mere senseless, dead mate- 
rial, but as a vital organ each part of which has its own 
special function to perform. It consists, in the adult 
human being, of no fewer than two hundred distinct 
bones, together with the ligamentous and cartilagineous 
tissues which bind them together or otherwise aid in 
perfecting its structure. 

The bones of the skeleton serve as a basis for the 
attachment of the muscles, they give support to the 
softer parts of the body, and they form a protec- 
tion for many of the more delicate organs. The skel- 
eton is therefore something more than a mere frame- 
work. 

36. Shapes of the Bones. — It is interesting to observe 
the perf ectness of the skeleton taken as a whole. This 
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is the result of the arrangement of its parts, each of 
which is perfectly adapted to its own place and to the 
performance of its own special functions. A superficial 
observation of our own arms and hands, heads and 
faces, teaches us that the bones 
must be of different lengths and 
of various shapes — that some 
are long, some short, some flat, 
and some irregular in form. 

37. Examples of the long 
bones are those of the arms and 
legs. The ribs are also long 
bones. A study of a long bone 
of some animal will help us to 
understand the peculiarities of 
their structure. Each long bone 
consists of a shaft and two en- 
larged extremities affording space 
for the thicker portions of the 
muscles which lie around it. (Fig. 
19). The enlarged extremities 
of such bones are generally 
irregfular forms, or processes^ 
for the purpose of articulation 
with other bones to which they 
are joined ; and they present va- 
rious protuberances and flattened 
surfaces for the attachment of muscles and tendons. 
The walls of the shaft consist of dense compact tissue, 
thicker in the center and becoming gradually thin- 
ner toward the extremities. This arrangement im- 
parts great strength to the bone. 

The extremities are composed chiefly of spongy or 




FiQ. 19.— Long Bonbs. 
A, B.— Enlarged extremities. 
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cancellated tissue covered with a thin layer of compact 
osseous tissue. This gives lightness to the bone where 
great extent of surface is 
necessary and strength 
not so important (Fig. 9). 
The hollow interior of 
the shaft is filled with 
medulla or marrow. The ^'«- "^"^'Sk^, ?S2?o^r '^''^ 
long bones are not per- 
fectly straight, but are curved generally in two direc- 
tions. This adds to their elasticity and also in certain 
instances gives them greater strength. 

88. The short bones are found in those parts of the 
skeleton where strength is required, but where motion 
is limited. In many cases, as in the hand and the foot, 
several of these bones are firmly bound together by 
muscles and ligaments (Fig. 20). The short bones are 
composed chiefly of spongy tissue, with only a thin 
layer of compact substance on the surface. 

89. The flat bones occur in those parts of the body 
where there are important organs to be protected or 
where broad surfaces are necessary for the attachment 
of the muscles. These bones consist of compact tissue 
with spongy tissue of varying thickness in the interior. 
The bones of the cranium are of this class. 

40. The irregular bones are of various shapes and 
serve widely different purposes. In composition they 
are similar to the other bones, being more compact in 
situations where great strength is necessary, and 
having a spongy or porous character where lightness 
and extent of surface are essential (Fig. 22). 

41. Qnestions. — If the bones of one's body were 
composed of one third mineral matter and two thirds 
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animal matter, what might be some of the results? 
Why? 

If the long bones were solid throughout instead of 
hollow, what would be the result? What part of a 
long bone requires to be very strong? Why? 

Which is stronger, a hollow cylinder or a solid rod 
made of the. same substance and containing the same 
amount of material? Apply this principle to the 

hollow long bones, 
and explain why they 
are superior to solid 
bones having equal 
weight. 

Name some parts 
of the body where 
short bones occur. 
Name one part of the 
skeleton that is made 
up chiefly of irregu- 
lar bones. 

Where are some of 
the flat bones? What parts do they protect? Name 
some inconveniences that might occur if all the bones 
were flat. What advantage results from there being, 
instead of a single large bone, several small bones 
firmly bound together in the foot? 

What kind of bones are those in the fingers? 
Which bone or assemblage of bones is the most 
important part of the framework of the body? 

The name skeleton is from the Greek word skeletos^ 
meaning dried, or dried up. To what, may we sup- 
pose, was the word orginally applied — to dead bones, 
or to living bones? 




Fig. 21.— iBRBGUi/AR Bonks. 
a.— The sacrum, 
b.— The innominate bones. 
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VII.— THE TRUNK. 

42. The larger part of the human body is called the 
trunk. Often the trunk alone is called the body. In 
life the bones and other tissues of the trunk enclose two 
great cavities, the chest or thorax and the abdomen. 
The skeleton of the trunk consists of the spinal col- 
umn, the ribs, and the sternum or breastbone. 

43. The Spinal Column. — The spinal column may be 
compared to the main pillar or support of a house. 
All other parts of the framework depend, more or 
less directly, upon it. Its common name is the back- 
bone. It is not a single bone, however, but consists 
of thirty-three irregular bones placed one on another so 
as to form a flexible column. 

Take thirty-three empty spools about the same size. 
Set them on end, one upon another. Run a cord 
through them. You have now a rude representation 
of the backbone with its component pieces. 

The thirty-three bones of the spinal column are 
called vertebrce. Twenty-four of these are separate 
throughout life. Five are united to form a single bone, 
the sacrum, and four are united to form another bone, 
the coccyx. In adult life, therefore, the spinal column 
really consists of only twenty-six separate bones.* The 
vertebrae are named according to their location. There 
are seven cervical vertebrae, twelve dorsal, five lum- 
bar, five sacral, and four coccygeal. 

Each vertebra consists of two parts, a body and an 
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FiQ. 22.— Side View of a Vejitbbra. 
A.— The body of the vertebra. 
B.— Transverse process. 
C— Spinous process. 



arch, which enclose the spinal foramen and have cer- 
tain processes upon their surfaces. The body of the 

vertebra is its front part. 
Each body is connected, 
by means of cartilages and 
ligaments, with the bodies 
of the vertebrae above and 
below it. The arch springs 
from the back of the body, 
and is composed of two 
symmetrical halves, each 
half consisting of an an- 
terior part or pedicle and 
a posterior part or lamina. 
Enclosed by the body of 
the vertebra and the two 
laminae is the spinal foramen^ which serves for the 
passage and protection of the spinal cord. The spinal 
foramina^ as they lie one 
above another in the spinal 
column, form a long cylin- 
drical passage called the 
spinal canal. Projecting 
backward from the lamina 
of each arch are rough 
projections called spinous 
processes; these impart to 
the entire column that 
rough and spiny character 
which has given to it the 
name spine (from Latin 
spina, a thorn). 
44. At the lower end of the spinal column is a large, 




Fio. 23.— A Vertebra (viewed from 
above). 

a.— The body of the vertebra, 
b.— Spinal foramen, 
c, c, c— Processes. 



Digitized by VjOOQIC 



THE SPINAL COLUMN. 



41 




Fio. 24.— Thk Atlas (upper side). 



wedge-shaped bone called the sacrum. This bone is 
composed of five orginally separate vertebrae fused 
together, or ankylosed, so as to form but a single bone. 
Below the sacrum is the 
coccyx^ usually formed of 
four small segments of 
bone or vertebrae. The 
uppermost one of these 
segments is firmly at- 
tached to the lower end 
of the sacrum. As age 
advances the segments become united and form a 
single bone. 

46. The vertebra at the upper end of the spinal 
column is called the atlas (Fig. 24). It differs from 
other vertebrae in several respects : it has no body and 
no spinous processes; its ring is very large, and on each 

side of the ring is a thick 
mass of bone by which it 
is articulated with the low- 
ermost bone of the skull. 
The vertebra next below 
the atlas has also a pecu- 
liar form, being furnished 
with a tooth-like process 
or pivot upon which the 
atlas turns. This is called 
the axis (Fig. 25). The peculiar structure and artic- 
ulation of these bones give to the head great freedom 
of movement, especially in a lateral direction. 

46. General Aspects of the Spine. — Let us now observe 
the spine in its general aspects. Its average length 
in adults is about twenty-seven inches. Its widest part 




Fig. 25 —a, atlas: b, axis; c, pivot 
of the axis. 
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is at the base of the sacrum. From this point upward 
it diminishes in breadth quite gradually, but downward 

it tapers more rapidly un- 
til it ends in the tip of 
the coccyx. Viewed from 
either side it has two 
series of curves, backward 
and forward and again 
backward and forward. 
It has also a slight lat- 
eral curvature, directed 
generally toward the 
right side. It is the 
great column of support 
for the body. It bears the 
weight of the trunk, the 
upper limbs, and the head. 
It makes it possible for 
the body to maintain an 
erect position. Its nu- 
merous spinous processes 
serve for the attachment 
of many important mus- 
cles which are of use in 
controlling the movements 
of the body. The verte- 
brae, although resting one 
upon another, are sepa- 
rated by layers of elastic 
cartilage. These serve as 
cushions and aid greatly in making every movement of 
the spinal column easy and free from shocks or friction. 
47. The Thorax. — In front of the upper half of 




Sacral and coccygeal 
vertebrae. 



Fig. 28.— LoNQiTUDiNAii 8bc- 

TION OF THB SPINAL COL- 
UMN, 

a, b —Spinous processes, 
c, c— Bodies of vertebrse. 
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the spinal column there extends a cage-like en- 
closure formed of bones and cartilages. It is con- 
ical in shape, having its apex above. The twelve dorsal 
vertebrae of the spinal column form the middle part 
of its posterior wall ; there are twelve ribs with their 
corresponding cartilages on each side ; and in front is a 
flat bone called the sternum or breastbone. This en- 
closure is called the 
thorax: and it forms a 
cavity for the inclusion 
and protection of the 
principal organs of res- 
piration and circulation 
(Fig. 27). 

48. The Eibs.— There 
are twenty-four ribs^ 
twelve on each side of 
the thorax. All these 
ribs are connected be- 
hind with the spinal 
column. The upper 
seven on each side are 
also connected in front, 
by means of costal car- 
tilages, with the ster- 
num. These seven ribs 
are called the true ribs. The remaining five do not 
reach the sternum and are called false ribs. Three of 
these are joined to each other by costal cartilage, which 
also connects them with the seventh true rib. The 
two lowest, being entirely free in front, are called 
floating ribs, 

49. Costal Cartilages. — The costal cartilages are 




Fig. 27.— The Thobax. 
S, S.— Part of the spinal column. 
R, R.-Rib8. 
A.— The sternum, 
c, e.— Costal cartilages. 
P.— Floating rib. 
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elastic structures, softer than bone, which serve to 
prolong the ribs toward the front part of the 
thorax. Both the ribs and the costal cartilages vary- 
in their length, breadth, and direction. The 
first and second costal cartilages lie in almost 
a horizontal position ; all the others incline up- 
ward and inward. 

60. The Sternum. — The sternum is a flat 
bone which forms the central part of the front 
wall of the thorax. It is commonly called the 
breastbone. In the adult it consists of three 
portions very closely united to- 
gether. When viewed from the 
front its shape is somewhat like 
that of a broad dagger or ancient 
x*« «,- broadsword. 

'^iwot Two other bones, the clavicles 
*^num!'" or collar-bones^ are connected with 
the sternum near its upper end, 
just above the first ribs, one on each 
side of the body. The clavicles, how- 
ever, are not classified with the bones of 
the trunk, but belong to the upper ex- 
tremities. 

51. The Tnmk as a Whole. — How many 
vertebrae are included in the spinal col- 
umn? How many and what bones, besides the twelve 
vertebrae, help to enclose the cavity of the thorax? 

How many of the ribs are connected with the ster- 
num? Are they joined directly to it? 

What kinds of bones are most numerous in the trunk? 
What is the total number of bones in this part of the 
body? Make a classified list of these bones. 




Fig. 29.— Front 

view of the 

sternum. 
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VIIL— THE SKULL. 

62. The skull is the name applied to the skeleton of 
the head. The bones of the head and trunk taken 
together comprise what is called the axial skeleton. 

Upon which of the vertebrae of the spinal column 
does the skull rest? 

We might regard the skull as an expansion of the 
spinal column at its upper extremity. We might say 
that this expansion is composed of vertebrae very 
closely connected and so arranged as to enclose the 
brain and the organs of special sense. The more com- 
mon method of describing this part, however, is to con- 
sider the skull as being composed of two parts — the 
cranium and the face, 

68. The Cranium. — The cranium consists of eight 
flattened irregular bones: 

I. The occipital hon^y which is at the back part and 
base of the head, and rests upon the atlas, or first 
vertebra of the spinal column; 

2.-3. T^o parietal bones, which form the sides and 
roof of the skull, and like strong walls protect the brain 
from injury; 

4. The frontal bone, which is set at the front part of 
the head and forms the forehead; 

5.-6. Two temporal hones^ which are situated at the 
side and base of the skull ; 

7. The sphenoid bone, which lies near the front part 
of the base of the cranium, and being connected with 
all the other cranial bones binds them firmly together; 
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8. The ethmoid bone, which is a very porous bone of 
a cubical shape, situated at the front part of the base 
of the cranium. 

These bones are so joined together by their edges 
as to form a bony case enclosing a cavity called the 
cranial cavity. In this cavity is the brain. 

54. Notice the 
derivation of the 
following words: 
Occipital, from 
the Latin occiput^ 
the back of the 
head. 

Parietal,, from 
paries^ a wall. 

Frontal, from 
frons, the fore- 
head. 

Temporal, from 
tempora, the tem- 
ples. 

Sphenoid, from 

the Greek sphe^i^ 

meaning a wedge. 

Ethmoid, from 

mSSuSrjViSMik'^''"^*'''''"'"'""^' X, Inferior ^j^^ q^.^^^^ etlimOS, 

meaning a sieve. 

From a study of the above, what facts may you infer 
concerning the position, shape, or function of the 
different cranial bones? 

55. The Face. — There are fourteen facial bones, and 
all but two are in pairs. They assist in forming the 
cavities which open on the front of the face — that is, 




Fig. 30,— The Skuix. 



E, parietal; f, frontal; t, temporal; a, sphenoid; e, 
n ■■ • ' " ' — 
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the mouth, the nose, and the eyes. The characteristic 
appearance of the faces of different individuals is 
largely due to variations in the shapes of these 
bones. 

The two single or median bones are the lower jaw- 
bone, or inferior maxillary^ and the vomer ^ which 
forms a large part 

of the partition be- ^^^f^^-^^H f^ 

tween the nostrils. 
The remaining 
bones of the face 
are in six pairs as 
follows : 

1. The nasal ^ ^ 
two small bones at ^^£^- S jliHBih^^ 
the middle and 
upper part of the 
face, forming by 
their junction the 
** bridge'* of the 
nose; 

2. The lachry- 
mal, at the front 
part of the inner 

wall of the eye cavities — the smallest and most fragile 
of the facial bones ; 

3. The superior maxillary, or upper jaw-bones; 

4. The palate-bones, lying in contact with the inner 
surface and posterior border of the superior maxillary 
bones. They are shaped a little like the letter L, and 
are wedged in between the upper jaw-bone and a part 
of the sphenoid; 

5. The malar, two small bones of irregular shape 




Pig. 81.— Thb Bones of thk Skull Bbpabated. 
a, frontal; b, parietal; c, occipital; d, temporal; 
e, e, e, e, facial bones. 
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which form the prominences of the cheeks and also a 
part of the outer wall of the eye cavities ; 

6. The inferior turbinated^ thin, spongy bones, 
situated within the outer wall of the nose. 

68. The Hyoid Bone. — Besides the cranial and the 
facial bones, there is a small U-shaped bone, called the 
hyoid, which lies in the neck on a level with the lower 
border of the inferior maxillary. It is just above the 
** Adam's apple," and is the bone to which the muscles 
of the tongue are attached. 

67. Practical Questions. — ^What is the chief use of 
the cranial bones? of the facial bones? of the hyoid 
bone? 

What is the general shape of the skull? 

What are the cavities which open on the front part 
of the face? 

What bones aid in forming the nose? 

What bones aid in forming the cavity of the mouth? 

How many bones are there in the head? Make a 
classified list of them. 

How many are in the head and trunk taken together? 

What parts of the axial skeleton give support to the 
other parts? 

What parts give protection to delicate and impor- 
tant organs? 

What additional ideas do you acquire by studying 
the following words and their derivations? 

Maxillary, from maxilla^ a jaw-bone. 

Vomer, from vomer ^ a plowshare. 

Nasal, from nasus^ the nose. 

Lachrymal, from lachryma^ a tear. 

Turbinated, from turbs^ a whirl. 
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68. What parts of the entire human skeleton are 
not incliided in the axial skeleton? These parts taken 
together are called the appendicu- 
lar skeleton. 

The appendicular skeleton con- 
sists of two parts: (i) the shoul- 
der girdle and the upper limbs; 
(2) tide pelvic girdle and the lower 
limbs. These parts are also des- 
ignated as: (i) the upper extrem- 
ities; (2) the lower extremities. 

69. The XTpper Extremities. — 
The shoulder girdle is the me- 
dium of connection between the 
skeleton of the trunk and that of 
the arms. It consists of two bones on each side, 
clavicle and the scapula. 




-The Uhoui:j>£B 
Blade. 



the 




Fig. 33.— iDKAIi RKEBBSUNTATION of THK SHOULDKB GlltDLB AND ITS 

Connections. 
a, the spinal column: f , the ribs; g, the sternum; e, the clavicle; b the scapula; 
c, the shoulder joint; d, the humerus. 

The clavicles, or collar-bones, form the front part of 
the shoulder girdle. Each clavicle is a long, slender 
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bone, and lies in an almost horizontal position just 
above the first rib. You have already learned (§ 50) that 

it is connected with the ster- 
num; it articulates also with 
the scapula, and serves to give 
support to the upper extremity. 
The scapula, or shoulder- 
blade, is a large, flat bone, 
which forms the back part of 
the shoulder. It is triangular 
in shape, and is at- 
tached to the trunk 
solely by means of 
muscles (Fig. 32). 

60. Each arm or 
upper limb has thir- 
ty bones. The 
largest is the hu- 
meruSy or bone of the upper arm. The 
round head of the humerus is directed 
upward and backward, and articulates with 
a corresponding cavity in the scapula. 
This articulation is commonly called the 
shoulder joint. 

In the lower arm, or forearm, there are 
two bones. The larger of these is the ulna, 
a. long bone of prismatic form, which unites 
with the humerus at the elbow, forming 
a hinge joint. The smaller is the radius, 
which lies on the outer side of the ulna 
and is parallel with it. At its lower ex- 
tremity it articulates with the first two bones of the 
wrist, forming the wrist joint. 



Fio. 84.— Skeleton of ths 
Hand 
A, carpal bones; b, metacarpal 
bones; c, phalanges. 



Pio. 35.— 

boiobs of ths 

Asm. 
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Fie. 96.— IDKAL Rkprsbsmtation of thk 

PKLVIO OntDLB AND ITS CONNBOTIOMS. 

a, the spinal colamn; d, the innominate 
bone; b, the hip-Joint; c, the femur. 



81. The skeleton of the hand includes the carpus^ 

or wrist bones, the metacarpus^ or bones of the palm, 

and the phalanges^ or 

bones of the fingers. 

The carpus is formed of 

eight small, irregular 

bones, bound closely to- 
gether. Of the meta- 

carpal bones, which are 

cylindrical in shape, 

there are five — one for 

each finger and one for 

the thumb. Of t\iQ phalanges there are fourteen — three 

for each finger and two for the thumb. 

63. The Lower Ex- 
tremities. — The pel- 
vic girdle is the me- 
dium of connection 
between the axial 
skeleton and that of 
the lower limbs. It 
consists of two large 
bones, one on each 
side of the sacrum. 
These are called the 
innominate or name- 
less bones, perhaps 
because they bear 
no resemblance to 
any other named 

object. In childhood each of these bones consists of 

three pieces. At the point where these pieces come 

together and are finally ankylosed, there is a deep, 




Fio. 87.— Th» Pklvm. 
a, lombar vertebrae; b, sacrum; d, coo(7z; c, in- 
nominate bones; e,hlp-Joint; f, Ischium; g, pubic 
arch. 
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cup-shaped cavity, into which the round head of the 
thigh-bone fits. The bones of the pelvic girdle to- 
gether with the sacrum and coccyx form the walls of 
a basin-like cavity called the pelvis. 
These walls are stronger and more 
massive than the walls of either of 
the other great cavities of the skel- 
eton (Fig. 37). 

What are the three great cavities 
of the skeleton? 

The pelvis acts as a support and 
partial protection to the organs con- 
tained in the abdomen, and as such, 
forms the lowermost por- 
tion of the trunk. 

88. The skeleton of the 
lower limb comprises the 
thigh, the leg, and the 
foot. The thigh-bone or 
femur is the longest and 
strongest bone of the body. The 
upper end or head of this bone is 
ball-shaped, and is fitted into the 
cup-shaped socket of the innominate 
bone in such manner as to allow 
great freedom of movement. This 
is called the hip- joint. (See Fig. 44.) 
84. The skeleton of the leg con- 
sists of three bones: the knee cap 
or patella^ the tibia ^ and the fibula. 
The patella is a flat, triangular bone on the front part of 
the knee, where it is loosely articulated with the femur. 
It serves not only as a protection to the knee, but aids 





FiO. 89.— Thb 
PATBUUk. 



FlO. 88.— BONSB OF THK 

Lbq and Foot. 

f, femur; k, patella: t, 

tibia: fl, fibula; a, ankle 

Joint; c, tarsus: m, met- 

ata bus; p, phalanges. 



Digitized by VjOOQIC 



THE LOWER EXTREMITIES. 



53 



in the movement of the parts to which it is articu- 
lated. 

The tibia is a large, strong bone at the front and on 
the inner side of the leg. It is connected above with 
the femur, forming the knee-joint, and below with the 
bones of the ankle at the ankle-joint. 

The fibula, or splint bone, is a long, slender bone 
lying parallel with 
the tibia. Its upper 
end, or head, articu- 
lates with the tibia, 
while its lower end 
forms the outer 
prominence of the 
ankle. 

66. The skeleton 
of the foot consists 
of the tarsus^ the 
metatarsus^ and the 
phalanges. The bones 
of the tarsus or ankle 
are seven in number. They are arranged in two rows, 
and are so shaped and bound together as to give to 
the sole of the foot a slightly arched form. 

Of the metatarsus there are five cylindrical long 
bones, and at the end of each of these is the first bone 
of a toe. 

The phalanges or bones of the toes agree in number 
with the phalanges of the fingers. 

66. Review Questions. — What is the human skeleton ? 

Of what does the axial skeleton consist? 

Of what does the appendicular skeleton consist? 

How many bones are in the trunk? in the head? 




Pio. 40.— Skslxton of thk foot— Latkkal 

ViKW. 

(The poplls should name the parts.) 
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How many bones are in the upper extremities? in 
the lower extremities? in the entire body? Make a 
complete classified list. 

If the spinal column consisted of but a single bone, 

instead of thirty-three, what disadvantages would result? 

If the vertebrae were not capable of being slightly 

moved, one upon an- 
other, how would our 
comfort be affected? 
What advantages, 
if any, result from 
the double curves in 
the spinal column? 

If the two upper- 
most vertebrae were 
exactly like those be- 
low them how would 
that affect the move- 
ment of the head? 

Name three func- 
tions of the spinal 
column? Can you 
name more than 
three? 

Describe the curv- 
ature of the ribs. 
Are the ribs capable of any motion? Prove it. 
If all were joined directly and firmly both to the back- 
bone and to the sternum, what would be the result? 
Are the costal cartilages of any use or advantage? 
Name two functions of the ribs. 
Which of the bones of the face, if any, are mov- 
able? 




Fio. 41.— Posterior View of the Skeleton of the 
Tronk and its Connections. (The pupils should 
name the parts.) 
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Which of the bones of the upper extremities acts as 
a brace to keep other parts in their proper position? 

Explain how each of the two parts of the appen- 
dicular skeleton is connected with the axial skeleton. 

How many bones are in each of the lower limbs? 
Make a classified list. 

Compare the skeleton of the lower limbs with the 
skeleton of the upper limbs. 

Compare the pelvic girdle with the shoulder girdle. 

Why is great strength necessary to the femur? 

What advantage, if any, does an arched instep 
possess over one that is not arched? 

What effect will a habitual stooping position be 
likely to have upon the shape of the spinal column 
and the thorax? 

What effect do ill-fitting shoes often have upon cer- 
tain bones of the feet? 

What effect will tight lacing be apt to have upon the 
ribs and costal cartilages? 

Word Study. — ^What ideas respecting the shape, ap- 
pearance, or uses of certain bones do you obtain from a 
study of the following words and their derivations? 

Scapula, from Greek skapula^ a spade. 

Clavicle, from Latin clavis^ a key. 

Ulna, from Greek olone^ the elbow. 

Radius, from Latin radius^ the spoke of a wheel. 

Pelvis, the Latin word for basin. 

Patella, the Latin word for small pan. 

Tibia, the Latin word for flute. 

Fibula, the Latin word for a clasp. 

(Most of the other names, such as humerus^ femur ^ 
etc., are merely the Latin words for the part of the 
skeleton mentioned, and have no other meanings.) 



Digitized by VjOOQIC 



56 HUMAN PHYSIOLOGY AND HYGIENE. 



X.— THE JOINTS. 

67. A Joint. — The union or junction of any two con- 
tiguous bones is called a joint or an articulation. It is 
by the joints that the various bones of the body are 
united to form a skeleton. The different parts or sub- 
stances which compose a typical joint are bone^ carti- 
lage^ ligaments^ and synovial membrane, 
^ 68. Bone is, of course, a necessary part to every 
joint. The long bones, in most cases, form their 
articulations at their two ends; and we find these the 
most perfect of movable joints. The flat bones are 
joined to one another or to other bones, at their edges. 
The short bones form articulations on different parts 
of their surfaces; but usually at their ends, as do the 
long bones. 

69. Cartilage is an important element in the forma- 
tion of many joints. In these joints it incrusts with 
a smooth, thin layer the parts of the bones where the 
articulation is formed. The incrustation varies in 
thickness, being the most abundant where the pressure 
is the greatest. By its smooth surface it affords ease 
of movement and lessens friction. Being also highly 
elastic it acts as a soft cushion between the parts and 
breaks the force of sudden jars. 

70. Ligaments are found in all those joints which 
admit of movement. They are strong, white bands, 
composed chiefly of fibrous tissue (§ 130) laid side by 
side and closely bound together. They are very tough 
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Fio. 42.— White Fibrous Tissue. 



and flexible, and are firmly attached to the bones, thus 
holding them together. 

71. Synovial Membrane is a delicate membrane at- 
tached by its edges to the 
incrusting cartilages in the 
joints. It secretes a viscid 
yellowish white fluid, some- 
what like the white of an 
egg. This fluid is called 
the synovia. The function 
of the synovia is to lubricate the contiguous moving 
surfaces. It thus prevents friction between the parts, 
and makes all movements easier. 

72. Kinds of Joints. — There are two classes of joints, 
the immovable and the movable. Some physiologists 
designate a third, the mixedy which includes such 

as are but slightly movable. 

The bones of the cranium 
are connected together by 
means of sutures (Fig. 43). 
A suture is an immovable 
joint formed by the inter- 
locking of the toothed mar- 
gins of adjacent bones. The 
word suture is also applied 
to the notched edges them- 
selves. A joint of this kind 
may be compared to the in- 
terlocking of two pieces of 
carpenter work by means of 
what is known as the dovetail. 
78. Of movable joints in the skeleton there are a 
great number, as well as several different forms. The 




Fio. 
sutures, 
bones. 



48.— Top of the Skull, showing 
Let the pupils name the 
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Fig. 44 ^Vertical Section of Hip 
Joint. 



simplest form of movable joint is that which permits 

the two bones to slide, or glide one upon another. 

This kind of articulation 
is called arthrodiUy and ex- 
amples of it are found in the 
backbone, the carpal joints, 
and the joint between the 
sternum and the clavicle. It 
admits of very little motion. 
74. In strong contrast to 
thearthrodia are the joints 
which permit motion in all 
directions. In this form of 
joint the globular head of a 
long bone is received into a 
cup-like cavity in the flat or 

irregular bone with which it is connected. Its common 

name, ball-and-socket joints 

serves well to describe it (Fig. 

44). The ball is kept in its 

place by strong ligaments and 

ligamentous bands. 

Name two familiar exam- 
ples of ball-and-socket joints 

(§ 60, § (^z\ 
76. The hinge joint is made 

up of two corresponding sur- 
faces so fitted to each other 

as to admit of motion in only 

two directions, backward and 

forward, as in a hinge. Here 

also strong ligaments are 

necessary in order to hold 




FiQ. 46.— The Shoulder Joint (poe- 
terior view). 



the parts in place. 
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Name one of the most familiar hinge joints in the 
body (§ 60). 

76. Another form of articulation is that which 
admits only of rotation, first in one direction, then in 
the other. Here the joint is formed by a kind of pivot, 
one bone turning within a ring in the 
other. This is sometimes called a lateral 
hinge joint. 

Mention and describe one lateral hinge 
joint (§ 45). 

Still another kind of joint is that found 
in the wrist. See what a variety of move- 
ments is here. The construction of this 
joint is of a complex character, and we 
need not describe it minutely. It is called 
a ^^«^'/(^/^ articulation. piq.«.-thb 

77. Mention has already been made sh^S^j^ion 
(§ 43) of the articulations of the vertebrae SLdi^lmenfil"* 
forming the spinal column. Between each 

vertebra and the vertebra next to it there is an 
elastic pad of cartilage, called the intervertebral disk. 
This pad is closely united by its surfaces with the 
body of each of the vertebrae between which it lies. 
By its compression and expansion it permits a cer- 
tain amount of movement on the part of the ver- 
tebrae. When the backbone is bent, or leaned to 
one side, each of these disks is compressed on that 
side and stretched a little on the other side. It is this 
peculiarity of the joints of the vertebrae which gives 
to the backbone its flexibility and thus adapts it to 
movement, however slight, in almost every direc- 
tion. 

78. The Joints and the Skeleton. — The joints may be 
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said to be parts of the skeleton in the same sense that 
the mortises, tenons, and other devices for holding 
together the framework of a building are said to be 
parts of that framework. 

An artificial skeleton consists only of dry bones 
united together usually by wires. In such a skeleton 
there are many parts lacking, as the periosteum, the 
cartilages, the ligaments. 

79. Questions for Thought. — In what particular ways 
does the construction of the bones and the joints pro- 
mote ease and freedom of movement? 

In what ways is strength provided for? In what ways 
are the effects of sudden jars or shocks provided against? 

Which joint of the appendicular skeleton is so con- 
structed as to admit of the greatest variety of move- 
ments? 

Name a lateral hinge joint; a hinge joint; an immov- 
able joint. 

Seeing that the bones of the cranium are so closely 
united by sutures, why would not one continuous bone 
answer the same purpose just as well? 

Of what use are immovable joints? How is a movable 
joint sometimes changed to an immovable one? (§ 34.) 

In the bones that assist in locomotion, which class of 
joints predominates? In the bones whose function is 
protection which class predominates? 

Of how many different kinds of movement does the 
wrist joint permit? 

What is the most important lateral hinge joint. 

How many joints are there in the backbone? In 
what class of joints would these be included? 

How many different joints are there in the arm? 
How many of each class? 
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XL— SOME PRACTICAL CONCLUSIONS. 

80. Development of the OMeons Framework. — Phys- 
iologists have attempted to trace a relationship between 
the length of time required for the complete develop- 
ment of the osseous framework of the body and the 
average duration of life. In infancy a large proportion 
of the skeleton is composed of cartilage. The process 
of ossification (§31) is slow but continuous. The bones 
of the skull are not fully united until some years after 
birth. The spinous and transverse processes of the 
spinal column are not completely ossified until the 
twenty-fifth to the thirtieth year; other parts of the 
body remain in the cartilaginous state until advanced 
age. The period of growth, both of man and animals, 
continues until there is a complete union between the 
shafts and the ends of the bones. When this union 
takes place growth usually ceases. In man this occurs 
at about twenty years of age, in the dog at two, in the 
lion at four, in the horse at eight. Observations have 
shown that most species of vertebrates live about five 
times their period of growth ; hence it is estimated that 
the natural life of man ought to be about one hundred 
years, of the dog ten, of the lion twenty, of the horse 
forty. But, in the case of man, a general disregard of 
the laws of health, the strain and wear attendant upon 
overwork, the effects of unhealthful surroundings, and 
various other causes have very materially lessened 
his natural span of life. 
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81. Why should we learn these facts about the bony- 
framework of the body? In order that we may intelli- 
gently guard against its injury and provide for main- 
taining the health and strength of all its parts. It may 
readily be understood that if any portion of this frame- 
work is defective or diseased, or if it has been harmed 
in any way, other parts must also suffer, and the body 
as a whole cannot possess that perfect health, strength 
or symmetry that it otherwise might have. 

82. Injuries to the Bones. — There are many ways in 
which the bones may be injured. They may be broken 
or fractured by accident. They may be dislocated at a 
joint. In such cases it is said the bone is * *out of place, * * 
and all motion is impossible until the dislocated parts 
have been restored to their natural position. A severe 
wrench or sudden strain upon some part may produce 
what is called a sprained joint, the bones being so far 
moved out of place as to tear or otherwise injure the 
ligaments of the joints. These injuries are all more or 
less serious, and are sometimes difficult to heal. Ignor- 
ance or carelessness in their treatment may sometimes 
produce permanent deformity ; hence such cases should 
always receive the attention of a competent physi- 
cian. 

88. Improper Positions in sitting, standing, or walk- 
ing, if persisted in, frequently produce deformities 
of certain parts of the body. So, also, tight lacing 
about the waist will bend the ribs or the costal carti- 
lages and finally change their form. Shoes that are ill- 
fitting or too small are likely to crowd the bones of the 
feet together and cause them to assume unnatural 
shapes. Fashion is frequently responsible for these 
and other deformities. (See § 525.) 
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84. Improper or Insufficient Food in childhood pre- 
vents or delays the perfect ossification and develop- 
ment of the bones. Sometimes this produces disease or 
causes distortion of some of the parts, as in the de- 
formity called rickets. 

85. How Alcohol Injures the Bones. — The bones of 
persons addicted to the use of alcoholic liquors are 
often weak and imperfectly developed. The alcohol, 
by interfering with the processes of nourishment, 
retards the growth of the young cells and prevents their 
proper development. The growth of the bones is 
hindered or perverted, and their strength is impaired. 
In some cases they become unduly enlarged, the mar- 
row in the long bones being increased in quantity to 
an unhealthy degree. In persons who use alcoholic 
liquors, the nutrition of the tissues may be so much 
impeded, that when a bone is broken or dislocated it is 
much more difficult to heal that in persons who use no 
strong drinks. 

86. Tobacco and the Bones. — The use of tobacco by 
boys and young men has a like effect. The smoking 
of cigarettes, no less than the chewing of tobacco, is 
especially harmful. Tobacco in any form interferes 
with the nutrition of tissues and hinders the growth of 
the cells upon which the proper building up of the 
body depends. The bones, not being properly nour- 
ished, become stunted and in some cases misshapen, 
and the body seldom attains to that symmetrical devel- 
opment which it would otherwise reach in manhood. 
The young man or growing boy who wishes to possess 
a perfectly formed body, strong, graceful, and athletic, 
will be careful never to acquire the pernicious habit 
of using tobacco. 
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Fig. 47.— The Biceps Musclk or 
TiiK Arm. 
a.— Tendons of origin. 
b.— Tendon of insertion. 



XII.— THE MUSCLES. 

87. Muscles.— The bones, no matter how articulated 
or joined with one another, would be incapable of 
independent motion without the aid of other organs. 
This aid is afforded by the muscles. 

The muscles are the flesh of the body. They have 

the peculiar 
power of con- 
tracting, o r 
shortening; 
and it is by 
doing this 
that they 
move the 
bones upon each other 
at the joints. 

The muscles are 
joined to the bones 
or other parts of the body either directly or by means 
of tendons. Even when connected directly, however, 
the muscles do not form a close union with either 
osseous tissue or cartilaginous tissue, but terminate upon 
the periosteum or perichondrium. Some of the mus- 
cles end in flat, ribbon-shaped tendons of pearly- white 
color called aponeuroses, (Fig. 48). 

88. Tendons are glistening white cords composed 
chiefly of fibrous tissue. They contain no nerves and 
but very few blood vessels. Unlike the muscles, they 
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have no power of contraction. They ma)' be said to 
be the ropes which the muscles employ in the per- 
formance of their functions. 
They are of various forms and 
are always strong. 

The tendons are in most cases 
merely extremities of the mus- 
cles modified and prolonged. The 
tendon which composes the fixed 
end of the muscle, and toward 
which it draws during its contrac- 
tion, is called the tendon of origin. 
That which extends from the 
other end of the muscle to the 
part that is moved by the contrac- 

^ , - - . FiQ. 48.— Aponeurosis Bblow 

tion IS called the tendon of tnser- thkknkb 

a.— Muscle. 
tion. b.-Sldn. 

-.-. — « • .- . rw^^ c— Aponeurosis. 

89. Shapes of the Muscles. — The 

word muscle is derived from the Latin musculus^ a 
little mouse, and is used in its present signification be- 
^ cause of a fancied 

likeness between 
the shape of that 
little animal and of 
certain of the sim- 
plest forms of mus- 
cles. The typical muscle consists of a belly, or prin- 
cipal part, tapering to a single tendon at each end. A 
biceps or two-headed muscle, is one which divides at 
one end into two tendons. A triceps is one which 
divides into three tendons. 

Some muscles have a tendon at only one end — the 
tendon of insertion — while in the other direction they 



Fig. 49.— a Typical Musclk. 

a.— The belly. 

b, b.— The tendons. 
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Fig. 50.— Tendons of the Hand. 



terminate abruptly at the point of attachment. A 

digastric muscle is one 
which consists of two typical 
muscles united by an inter- 
vening tendon (Figf. 51). 

In one form the tendon 
extends the whole length of 
the muscle, the fibers com- 
posing the muscle being 
joined obliquely to the ten- 
don. If they are joined upon 
one side only, it is called a 
penniform muscle; if upon 
both sides, a bipenniform 
muscle. 

Many muscles are spread 
out into wide, flat masses, and have no distinct rounded 
portion, nor yet do they 
terminate in tendons. Cir- 
cular muscles are those which 
have no direct attachment to 
any part of the skeleton, and whose fibers return 
upon themselves. Such are the 
sphincters which surround, and, 
by their contraction, tend to 
close a natural opening, as of the 
eyelids, the mouth, or the pyloric 
orifice of the stomach. 

90. Structure of the Muscles. — 
Muscular tissue constitutes the 
flesh, or **lean meat** of the 
body, and it enters into the com- 
position of the walls of the internal organs or parts. 



Fig. 51.— a Digastric Musoli:. 




Fig. 62.— BuNDiiE ofMuscu- 
LAB Tissue, TBANsvEssBiiY 
Stbiped. 

C— Cross section of the same. 
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It forms therefore a large proportion of the gross ma- 
terial of the body. 

The muscles consist in general of minute threads or 
fibers of muscular tissue, arranged 
in bundles and bound together. 
In some of the muscles these 
fibers are marked with trans- 
verse stripes, called strice; in 
others there are no such stripes. 

,-.- *,me -• . ^1- ±. Fig. 63.— CRoew Skction or 

The difference between these two striatkdmusclb. 

kinds of fibers affords a basis for B.*-coSnStiveTiMue. 
dividing muscular tissue into two 
general classes, the striated and the nonstriated. 

91. In the striated or striped muscles the fibers are 
invested by a sheath of delicate tissue called the sarco- 

lemma and bound together by 
very fine connective tissue. These 
fibers are surrounded by a delicate 
network of blood vessels. The 
fio.64.-pobtionofTasci. bundles in which they are ar- 
'''''•'' Mu^J^™" ranged are called fasciculi. Many 
fasciculi lying parallel to one an- 
other and extending generally from the tendon of 
origin to the tendon of insertion, compose a muscle. 
The size and texture of a muscle of this class depends, 
of course, upon the number and size of the fasciculi 
of which it is made up. The muscular fibers are gen* 
erally of a cylindrical form and are from 1-2400 to 
1-400 of an inch in diameter. 

A familiar example of a muscle of the striped class 
is the large muscle of the arm. 

92. In the nonstriped or nonstriated muscles, the 
tissue, instead of being composed of true fibers, is made 
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Up of elongated cells called fiber-cells. These cells 
often cross each other and interlace ; they are united 
together by a small quantity of adhesive matter. The 
fasciculi are separated one from another by a delicate 
connective tissue, and there is no sarcolemma. The 
cells are of a pale color — ^not red, as in the striped mus- 
cular fibers. They are of a rounded form, and are 
about 1-3500 of an inch in diameter and from 1-600 to 
1-300 of an inch in length. 

A good example of a muscle of the nonstriped class 
is the muscular coat of the stomach. 

98. In both the striped and nonstriped muscles 
there are numerous blood vessels which penetrate the 

membraneous sheath and 
the connective tissue sur- 
rounding the fasciculi and 
the fibers. 

94. Number and Names 
of the Muscles. — There are 
in the human body about 
four hundred muscles. 
Each muscle is known to 
anatomists by a name 
which indicates its posi- 
tion, or its size, or its 
shape, or its attachments, 
or its mode of action, or a 
combination of two or more 
of the above. There are 
but few of these names 
that would be of interest to 
students of this book ; and hence we shall mention only 
the following as examples : 




Fig. 66. 
A.— Intercostal muscles. 
B.— The diaphragm. 
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The orbicularis oris is a sphincter muscle, elliptic in 
form, which surrounds the mouth. 

The masseter and the temporal are powerful muscles 
which raise the lower jaw against the upper. 

The muscular partition which separates the cavity 
of the thorax from that of the abdomen is called the 
diaphragm. This is the principal muscle of respira- 
tion. (Fig. 55.) 

The muscles which are situated between the ribs, and 
aid in their movement, are called intercostal muscles. 

The large, thick, triangular muscle which gives the 
rounded outline to the shoulder is called the deltoid. 

The long muscle on the anterior surface of the arm 
is called the biceps, because at its upper end 
it is divided into two parts or heads. 
(Fig. 47.) 

The sartorius, one of the muscles of 
the leg, is the longest muscle in the body. 

There is on the outer and posterior part 
of the thigh another biceps muscle which 
is large and strong. 

The broad, fiat muscle which forms the 
calf of the leg is called the soleus. It 
terminates below in the great tendon, 
called the tendo ackilles, which may be 
plainly felt just above the heel, behind fiq.56. 
the ankle. This tendon is the largest and Si-Tendol^mes. 
strongest in the body. 

96. A few general terms denoting the location 
or action of certain muscles are easily learned, and 
when known will aid the learner in understanding the 
meaning of other terms and explanations. It is well 
to remember that the muscles which move the arm or 
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the leg out from the body are called abductors; that 
those which draw it toward the body are called addtic- 
tors; that the muscle by which any particular part is 
lowered is called a depressor; that there are also com- 
pressor muscles, which make narrower, and dilator 
muscles which widen or expand the parts to which 
they are connected. 

96. Functions of the Muscles. — The essential charac- 
teristic of a muscle is its power of contractility — that 
is, its capability on the application 
of proper stimulus, of becoming 
shorter in length and dilating in 
breadth. It is by this change in 
form that the muscles become the 
means of imparting motion to differ- 
ent parts of the body. 

97. Experiment: — Grasp your left 
arm with the fingers of the right 
hand. Now bend the left forearm, 
and observe the change in the fleshy 
part of the arm which you are grasp- 
ing. The muscle of that part loses 
its softness and becomes hard. This 
*■ MuiuSi'r™^*'' is the result of the forcible tension of 
fii^'~^"''^** "" ^^"^ the muscular fibers produced by 
their contraction. The muscle is 
apparently enlarged, and by the shortening of its 
length, the forearm is bent to the position which you 
desire. 

What was the stimulus, in this instance, which 
caused the contraction of the muscle? 

It was the impulse conveyed to the muscle by the 
motor nerve which is distributed to that part of the 
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arm (see § 409). But this impulse originated in your 
will. 

98. Skeletal and Visceral Muscles. — In like manner 
other parts of the framework of the body may be 
made to change their position at the command of the 
will. The muscles which effect these voluntary 
changes of position are connected with various parts 
of the skeleton and for that reason are often called 
skeletal muscles. There are other muscles which are 
not attached to the bones of the skeleton, but are found 
within the interior of the body surrounding the cavities, 
tubes, and other organs that are concerned in the vital 
functions. These are called the visceral muscles^ and 
they change their form independently of the will. They 
act without intention or thought on the part of the indi- 
vidual, and are not controlled by his wishes or commands. 
Yet they also require a nervous stimulus in order to 
perform their various functions. The muscles of the 
stomach and of the blood vessels are visceral muscles. 

99. Voluntary and Involuntary Muscles. — You will 
.understand from what has just been said, that all 
muscles are governed and regulated in their action by 
the nervous system. Nevertheless, as above noted, 
there are certain muscles, chiefly of the visceral class, 
which do not co-operate with the will, nor are they 
influenced by conscious effort. 

Those muscles which are generally controlled by the 
will, or co-operate with it, are called voluntary muscles. 

Those which perform their functions independently 
of the will are called involuntary muscles. 

The voluntary muscles are of the striated, or striped 
variety. The involuntary muscles are generally of the 
nonstriated, or nonstriped variety. 
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100. Certain muscles in appearance, structure, or 
functions, seem to form a sort of intermediate link 
between the two varieties. The heart muscle is not 
attached to the skeleton, and like other visceral muscles 
it acts independently of the will ; but in structure and 
appearance it strongly resembles the voluntary skeletal 
muscles. The muscles which control and regulate the 
act of breathing are attached to the skeleton and are of 
the striped, or voluntary variety; but they are only 
partially governed by the will. You may hinder their 
movements for a short time, but they will soon assert 
themselves in spite of your commands ; moreover they 
perform their functions when you are asleep as well as 
when you are awake, and without any necessity of 
thought on your part. Under certain circumstances 
almost any of the so-called voluntary muscles may be 
made to act without the concurrence of the will, and 
sometimes even in direct opposition to its commands. 

The trembling of one's 
body when one is fright- 
ened or otherwise greatly, 
excited, is a familiar ex- 
ample of the involuntary 
action of voluntary mus- 
cles. 

101. Contraction of the 
Museles. — When a muscle contracts it becomes harder 
and more rigid; and the greater the force which it 
exerts, the greater does its rigidity become. When 
the contractile stimulus is entirely withdrawn, the 
muscle returns to its former state of repose, and the 
parts of the body that were moved by it may resume 
the position or form which they had before being acted 




Fig. 68. 
a.— Flexor, 
b.— Extensor. 
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upon by it, or may remain at rest in some other posi- 
tion in which they have been placed. 

102. Most of the muscles are in pairs — that is, if a 
muscle by its contraction moves a part of the body in 
one direction, there is generally a corresponding muscle 
which moves the same part in the opposite direction. 
Muscles which bend the parts to which they are 
attached are called flexors; those which restore the 
bended parts to their extended position are called exten- 
sors. The flexors and extensors are said to be antag- 
onists, and yet, since both do not contract simultane- 
ously, one does not interfere with the action of the 
other. If both muscles contract at the same time, no 
motion results, but only a state of complete rigidity 
very soon producing fatigue. (Fig. 58.) 

103. Labor and Best. — The relaxation of a muscle 
after contraction affords it an opportunity to rest and 
to recover the vigor which was expended in the effort 
of contraction. The feeling of fatigue which is experi- 
enced when any muscle is kept long in a state of 
contraction is a reminder of the absolute necessity 
of such rest. The involuntary muscles have their 
periods of rest which alternate with their periods of 
labor; for there is no exception to the rule that all 
parts of the body require rest. The muscular coat of 
the stomach is in action during the period of digestion, 
but at other times it is in a state of repose. The 
respiratory muscles which regulate and carry on the 
process of breathing contract several times in every 
minute ; but between their periods of contraction they 
have as many periods of relaxation or rest. 

104. Loss of Muscular Power. — In some diseases the 
power to control the action of the voluntary muscles 
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is partially or wholly lost. One of the most common 
manifestations of feebleness in old age is the inability 
to direct with precision the movements of certain parts 
of the body. The trembling hand, the unsteady step, 
the faltering voice, all are the results of a lack of power 
to control the contraction and relaxation of the skeletal 
muscles. 

105. How Alcohol Causes Similar Disorders. — The use 
of alcoholic drinks, as beer, wine, ale, and other liquors, 
affects the muscles to a remarkable degree, producing 
various disorders both in those of the voluntary type 
and in those which act independently of the will. The 
tendency of alcohol is to destroy or derange the natural 
action of all living structures with which it comes in 
contact. It acts as a poison to all forms of life. When 
any alcoholic drink is taken into the system it mixes 
with the blood and is carried to the various tissues 
which compose the body. Alcohol is thus brought into 
contact with the delicate muscles which direct the vol- 
untary movements of the hands, the arms, the head, 
the face, and other parts. As a consequence the nu- 
trition and growth of these muscles are hindered, and 
they finally cease to respond readily to the commands 
of the will. Various disorders of motion ensue, such 
as tremor, spasms, convulsions, and palsies. The most 
common of these disorders is tremor, and is often wit- 
nessed in the trembling, twitching hands and the 
uncertain motions of a drinker of strong drinks. Even 
small quantities of alcohol may derange the action of 
the muscles and produce a temporary tremor; and if 
the drinking is continued the affection becomes per- 
manent. 

The use of alcoholic liquor very frequently produces 
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tremor of the hands and arms, making it difficult for 
the subject to do any work that requires accuracy 
of movement. The hands become weak and the 
fingers refuse to move as they are desired. Ar- 
tists, musicians, and all other persons whose occupa- 
tions require steadiness of nerve and exact control of 
the hand must shun the use of all alcoholic drinks if 
they would be successful in their business or avoca- 
tion. 

Alcoholic tremor, when it extends to the lower 
extremities, manifests itself in an awkward, irregular 
gait. The muscles which control the action of the 
legs and feet lose their power of concerted motion, 
and, not responding promptly to the will, a shuffling, 
staggering movement is the result. 

In some cases the lips and tongue are affected, pro- 
ducing stammering or hesitation of speech. Persons 
who indulge in strong drinks often find it difficult to 
enunciate certain words or sounds with distinctness, 
and the speech of the confirmed drinker is always sure 
to betray him. There are instances also in which the 
use of alcoholic drinks has affected the muscles of the 
eyes, giving rise to a distressing disorder called nystag- 
mus^ a. species of tremor which causes the eyeballs to 
move involuntarily and refuse to respond to the dic- 
tates of the will. 

This loss of the power to control the voluntary mus- 
cles may, if the use of alcoholic drinks is continued, 
gradually become even more serious until palsy or alco- 
holic paralysis occurs. The latter affection is at first 
a mere feebleness which little by little extends to the 
hands, arms, and legs, resulting finally in partial or 
total loss of muscular power. 
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106. Tobacco and the Muscles. — The use of tobacco 
also tends to lessen muscular power, and, like alcohol, 
to impair the accuracy and steadiness of muscular 
action. Those who desire to excel in occupations 
requiring delicacy of touch and movement, such as 
painting, music, and many of the mechanic arts, can- 
not afford to indulge in the use of tobacco, for it weak- 
ens their control of the voluntary muscles and in this 
way unfits them for performing their work satis- 
factorily. The tobacco habit is almost always acquired 
in youth. The boy who abstains strictly from its use 
will have no desire to indulge in it when he becomes 
a man. Its injurious effects, especially upon young 
men, have become so generally recognized, that 
in several countries laws have been passed to re- 
strict its use. 

107. Practical Questions. — Extend your arm in a 
horizontal position and hold it still as long as you can 
comfortably do so. Why does it become fatigued? 

The heart beats all the time, day and night. Why is 
not this an exception to the rule that rest must alter- 
nate with labor? 

When a muscle contracts, it becomes shorter. Does 
it lose any of its weight? Is its actual size diminished? 

Why does the contraction of a muscle produce rigid- 
ity, or hardness? Do the extensors, as a rule, perform 
as much or as heavy labor as the flexors? 

In the act of walking, which muscles are brought 
most into action, the flexors or the extensors? Which 
in the act of lifting a weight? Which in the act of 
writing? 

Is it reasonable to suppose that a person who uses 
alcoholic drinks can excel in feats of skill and strength? 
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XIII.— WORKING POWER OF THE MUSCLES. 

108. The amount of work which a muscle is capable 
of doing depends upon several conditions. To be able 
to perform all its functions in a complete and satis- 
factory manner, it must be well nourished, it must be 
strengthened by exercise, it must be trained to skillful- 
ness of action by systematic practice. On the other 
hand it must not be weakened by straining or over- 
work, and it must not be injured by the poisonous 
influences of alcoholic drinks, of tobacco, or of other 
narcotics. 

A muscle's power of performance depends also upon 
its shape. As a general rule, the thicker the muscle, 
the greater the load it is able to move. A long muscle 
contracts more than a short one, and has therefore the 
advantage of moving a weight, or the part to which 
it is attached, through a greater distance. Hence in 
the body there is a great variety of long and short, 
slender and thick muscles, each one being adapted to 
the special work that it is intended to perform. Some 
are so constructed as to produce great range of move- 
ment with the exertion of little power; others are so 
made as to overcome great resistance while moving 
through only a limited space. 

109. By exercise and training, the working power of 
many of the muscles may be wonderfully increased. 
Some of the methods of doing this will be fully dis- 
cussed in another part of this volume. 
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110. Muscular contraction may be produced by the 
application of an artificial stimulus, as by passing a 
current of galvanic electricity through a nerve or a 
muscle. But even under this artificial excitation, the 
muscles are able to contract only for a limited time, 
and soon demand rest by relaxation. 

111. Straining. — The habitual voluntary movements 
of the body, as in walking or changing the position of 
some part, are very different from the movements pro- 
duced by real muscular effort. In the usual act of walk- 
ing, the proper muscles contract and relax at the proper 
time without any distinct command from the will, and 
frequently without any conscious effort on our part. 
There is but little change in our breathing; there is 
but a slight quickening of the heart's pulsations. But, 
let us begin to run rapidly, or let us try to jump over 
an obstacle, to lift a heavy weight, or to make any 
other unusual physical effort — the muscles are at once 
brought into vigorous action. Other parts join with 
the muscles in the attempt to produce the desired 
results. This combined and semi-unconscious effort 
of various parts or organs is described in a homely way 
by the word straining. This straining cannot be con- 
tinued very long; it cannot usually be prolonged 
beyond the time required for a very deep breath ; if 
too great, or made too often, or continued too long, it 
is likely to result in serious, perhaps permanent injury 
to some of the organs. 

112. Injuries to the Muscles. — There are many ways 
in which the muscles may be injured. Constant or 
prolonged labor without the alternation of the required 
periods of rest causes the cells composing the muscular 
tissue to be broken down more rapidly than they can 
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be formed (§14). A feeling of great fatigue ensues. 
The muscles are literally worn out ; they become weak 
and small, and their power of contraction is partially 
or wholly lost. The use of insufficient or of innu- 
tritions food hinders the construction of new cells 
in the muscular tissue, and feebleness and disease 
result from the lack of nourishment. The habitual 
disuse of a muscle prevents its complete development. 
For instance, the left arm is generally weaker and 
smaller than the right, and the fingers of the left hand 
are incapable of performing many of the delicate move- 
ments which characterize those of the right. 

The use of Alcoholic Drinks tends to serious and 
permanent injury to the muscles. It hinders their 
growth and development, causing them to become 
flaccid, weak, and pale. We have already seen how it 
interferes with their contracting power (§ 105), pre- 
venting the will from having complete control over 
those of the voluntary type. Alco- 
hol frequently causes a change in 
the character of the muscular tis- 
sue itself. This change is called 
fatty degeneration, and consists in 
the deposition of particles of fat pio.59.-fatglobulic8. 
between the muscular fibers. In 
course of time so much may be deposited that many 
of the muscular fibers are crowded out and destroyed, 
and partially or wholly replaced by fatty tissue. 

In such cases there may be an appearance of health 
in the well-rounded arm or the rotund figure, but what 
to the eye seems to be strength-giving muscle and 
healthy muscular tissue is for the main part merely a 
mass of inert fat in which no strength resides. Thus, 
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men who drink beer and other alcoholic liquors fre- 
quently have large bodies and appear to be very strong, 
while in truth they have no strength ; for instead of 
well-developed muscles they have only fat, which has 
no power of contraction or other movement. 

r, but on the 
en who have 
eer and other 
icrease their 
^ of the pecu- 
:hem to their 
ed and in the 

all alcoholic 
ith the nutri- 
tion ot the muscles and diminish their powers of 
endurance. 

113. A Eeview of the Muscles. — Which classes of 
muscles are of the striped variety? Which are of the 
nonstriped? 

What is a voluntary muscle; an involuntary mus- 
cle? What is a skeletal muscle? 

In what part of the body are most of the voluntary 
muscles situated? 

Name one muscle which is wholly involuntary. Can 
you name any muscle which is voluntary under all cir- 
cumstances? 

Are the muscles which lift the eyelids voluntary or 
involuntary? 

Which muscle has the structure and appearance of a 
voluntary muscle and yet is not voluntary? 

Which muscle forms a partition between two cavities 
of the body? 
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If a man had absolute control over his muscles of 
respiration what might be the result? 

If the principal skeletal muscles were involuntary, 
what are some of 
the inconven- 
iencies which 
might follow? 

In ordinary 
walking we com- 
monly take no 
thought of the 
muscles which 
cause the move- 
ment of the legs: 
shall we infer that 
these muscles act 
independently of 
the will? (§ loo). 

How many mov- 
able bones are 
there in the face? 
Name two muscles 
of the face which 
are attached to a 
movable bone and 
aid in its movement? What is a sphincter muscle? 

What purpose do many of the muscles of the face 
perform? To what general class of muscles do they 
belong? 

Where is the tendon of origin of the biceps muscle 
of the arm? Where are the tendons of insertion of the 
same muscle? 

Do the tendons themselves possess. the power of con- 
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traction? Are they elastic? What is their general 
appearance? How do they differ from the ligaments 
which assist in forming the joints? 

Give an example of a depressor muscle ; of a com- 
pressor; of a dilator; of an extensor; of a flexor. 

Why are the muscles of a blacksmith's arm large 
and strong? Why is a user of alcoholic drinks not 
likely to be a good marksman? 

Why should a young man who wishes to excel in 
athletic feats abstain from the use of tobacco? 



XIV.— MOTION AND LOCOMOTION. 

114. Organs of Motion. — What are the organs of 
motion? The student who has read the preceding sec- 
tions of this book will have no trouble in answering 
this question. Nearly all of the complex automatic 
movements of the body are produced by the co-opera- 
tion of the bones, the joints, and the muscles. Most of 
the striped muscles are fixed by tendons of insertion 
to bones, and these bones are moved by their con- 
traction. A few, however, which have no connection 
with bones, produce motion only in themselves or in 
the soft parts surrounding them, and have no effect 
upon the bones. 

Crenerally speaking, it may be said that the muscles 
are the active organs of motion and the bones and 
joints are the passive, 

115. The muscles and bones, besides being organs 
of motion, make it possible for the body to maintain 
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itself in a given posture. By posture is meant those 
positions of the body, in a state of equilibrium, which 
may be continued for a considerable time 
without fatigue. The three most com- 
mon postures are standing, sitting, and 
lying. In any of these postures the bones 
remain at rest, and the muscles co-oper- 
ate in maintaining the body in a condition 
of stability. Here too, then, the muscles 
are active, the bones are passive (§ 525). 

116. Levers. — In studying the motions 
of the parts of the body we may regard 
the bones as levers. Let us learn some- 
thing about the laws of motion in levers. 
A lever in mechanics is a bar or any 
rigid piece, acted upon at different points 
by two forces — the power and the weight 
— which tend to move it in opposite direc- 
tions about a fixed point or fulcrum. A 
lever is said to be of the first, second, or 
third class, according to the relative posi- 
tions of the two forces and the fulcrum. 
In a lever of the first class the fulcrum 
is between the weight and the point of 
application of the power. In a lever of 
the second class the weight is between 
the fulcrum and the point of application 
of the power. In a lever of the third class 
the point of application of the power is 
between the weight and the fulcrum. 

117. In treating of the bones as levers we must 
regard the weight as being the entire amount of resist- 
ance to be overcome in moving the lever or bone. The 
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fulcrum is the joint where movement takes place. The 

power is the force exerted by the muscle. This power 

acts upon the lever at the point where the muscle is 

inserted upon or joined to the bone. 

There are not many levers of the first class among 

the bones of the skeleton. Let us see if we can find 

L I one. Nod your head as 

4 ^ ir you do in token of as- 

p ]K w 

T-j ^^ sent. In this move- 

Ih PI0.62.-ALKVKBO. ^^^t ^^^ lever is the 

^^jp5 THK PiBST CLASS. skull, the weight is the 

^^^ difference between the 

front part of the head 
and the back part; the power is derived from the 
muscles at the back of the neck, which by their tension 
keep the head in a state of equilibrium ; and the ful- 
crum is the point at which the skull articulates with 
the spine. Now, when you desire to nod, the muscles 
at the back of the neck, which are ordinarily contracted, 
are relaxed and the head falls for- 
ward because of its own weight. 
There is no muscular effort, but 
rather a removal of effort. But im- 
mediately the muscle contracts and 
the head resumes its normal posi- 
tion — the power lifts the weight. 

What other levers of the first class ^^ ^ 

are in the human skeleton? Ex- 
plain the action of any one that you can think of. 

118. Now study the action of the lever of the second 
class. A familiar example is a door when it is pulled 
with the hand on the latch. In this case the fulcrum is 
the hinges, the weight is the door's resistance, the 
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power is the force applied by your hand. In opening 
the door, which moves the farther, the weight or the 
power? Suppose that there is such a lever in the 
body. Think how much the muscle must contract 
in order to move even slightly the bone to which it is 
attached. The disadvantages of such a lever are such 
that no perfect exam- 
ple exists among the 
bones of the human 
body. Certain of the 

Pio. «4.— A Lbvbb of th« 

not very common s»condclam. 
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movements admit of 
the principle of a lever 
of this class. For ex- 
ample, in standing on tiptoe the foot acts as such a 
lever. What is the power and where is its point of 
application? Where is the weight? Where is the 
fulcrum? 

119. Since there are in the body so few levers of 
the first or the second class, we must at once infer 

that most of the move- 



J 




^ ments of the skeleton 

"T ^ are performed by 

levers of the third 

Fig. 65.— A Lbvbr OF THK ^i«„„ tr^vi^ ,,^«-. «:^t,4. 

THiBD CLASS. class. Hold your right 

arm extended before 
you. Now bend the 
forearm toward you so as to bring the hand toward the 
shoulder. In this movement the forearm is the lever; 
the hand with a part of the forearm is the weight. 
What is the fulcrum ? From what muscle is the 
power derived ? Where is the point of application of 
this power? 
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In levers of the third class, which moves the farther 
and the faster, the weight or the power? 

In overcoming the same amount of resistance, is more 
power required in a lever of this class, or in a lever of 
the second class? 

What are the advantages of a lever of the third class? 

What are the disad- 
vantages? 

Name some other 
levers of the third class 
in the humaii skeleton, 
and explain their action. 
120. Applications. — 
In moving the foot up 
and down upon the 
ankle joint, what prin- 
ciple is illustrated? 

What kind of levers 
are brought into action 
in walking? In writing? 
In throwing a 
ball? Give a 
full explanation 
in each case. 

In turning the 
head upon the 
shoulders, is 
any kind of lev- 
er put into ac- 
tion? If so, tell what is the fulcrum; the weight; 
the power. 

Can you name any movement of a bone which does 
not involve one or another of the principles of a lever? 




Fig 66.— Bending the Elbow. 
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If the biceps muscle of the arm, which bends the 
elbow joint, were so attached to the forearm as to form 
a lever of the second class, what advantages and dis- 
advantages would result? 

121. It is well to observe that most of the muscles 
with their tendons act upon their attachments from an 
oblique direction — that is, in pulling upon a bone to 
lift it, the power is not ap- 
plied at right angles but 
obliquely from one end. 
This is illustrated in Fig. 67. 

You will observe that as 
soon as the weight has been 
lifted to a certain point, the 
power begins to act more 
nearly at right angles, and 
this disadvantage ceases to 
exist. Here is an example 
of the compensations in 
nature. For the force with 
which a muscle contracts is 
greatest at the commence- 
ment of its contraction — 

that is, just at the time when its position with reference 
to the weight puts it to the greatest disadvantage. 
As its force diminishes, the weight i's brought into 
a position more favorable to its action. 

122. Locomotion. — By locomotion, in physiology, is 
meant the movement of the body from place to place 
by means of its own muscular exertions. It is effect- 
ed, as the movements of individual parts of the body, 
by the muscles acting upon certain passive organs or 
parts, as the bones or the cartilages. 




Fie. 67. 
B.— The power 

A.— The point of its application. 
W.— The weight. 



Digitized by VjOOQIC 



88 HUMAN PHYSIOLOGY AND HYGIENE. 

How many different kinds of locomotion can you 
mention? 

What kinds of locomotion peculiar to certain animals 
are difficult or impossible to man? 

123. Walking is performed with so little apparent 
effort that it seems to be a very simple operation. 
Nevertheless it involves a series of complicated move- 
ments, produced principally by the flexor and extensor 
muscles of the legs. The body does not at any moment 
leave the ground. Its weight is transferred alter- 
nately from one leg to the other, and is transmitted 
through the femur and the tibia to the bones of the 
foot and thence to the ground. In taking each step 
the body is inclined forward, thus throwing the center 
of gravity forward ; to prevent the body from falling, 
the hinder leg is now brought to the front and the 
weight of the body is transferred to it. For a single 
brief moment, while this transference is being made, 
the weight of the body rests upon both legs at once. 
It may be said that walking is a process of continually 
recovering oneself from falling. 

124. In running there is a moment after each 
step when both feet are entirely off the ground ; and 
at no time does the weight of the body rest upon both 
legs at once. At each step the body is thrown forcibly 
forward, and the hinder foot leaves the ground before 
the other reaches it. The knee joint remains flexed 
as the foot comes down ; but the moment the toes touch 
the ground the leg is straightened by a sudden exer- 
tion, and the body is again thrown forward only to 
alight upon the other leg in the same way. Running, 
then, may be said to be a succession of leaps, performed 
first by one leg and then by the other. 
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125. In leaping, both legs are flexed and then 
extended simultaneously, and the whole body is raised 
from the ground during an appreciable but brief 
length of time. 



XV.— MORE ABOUT THE TISSUES. 

126. Classification of Tissues. — ^What tissue consti- 
tutes the chief part of the human skeleton? What other 
tissue, somewhat similar to this in appearance and struc- 
ture, is also a constituent part of the body's framework? 

There is a third tissue the function of which is to 
hold the parts of the bony skeleton in their places. 
What is the general name applied to this tissue? 

The first and second of the tissues above alluded to, 
perform certain functions which have already been con- 
sidered. What are they? 

Among these functions one of the most important 
is that of supporting or keeping in place other tissues 
and organs. Give one example of the manner in 
which the bones, or the cartilages, or both together 
support some particular part or parts. 

127. Protective Tissues. — Another important function 
of certain bones and cartilages is that of protecting 
tissues. What do the bones of the skull protect? What 
do the vertebrae protect? What do the layers of car- 
tilage on the ends of the long bones protect? 

We shall learn as we proceed in our studies that there 
are several other tissues which have among their chief 
functions that of protection or support. All such are 
called protective tissues. 
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There is a peculiar tissue, which invests the bones 
and is instrumental in supplying them with the proper 
nourishment. What is the name of this tissue? What 
is the name of a similar tissue that invests the cartilages? 

These also may be classified with protective tissues. 

128. Motor Tissues. — ^What tissue has the peculiar 
power of contraction and therefore the power of giving 
motion to other parts? To it we may give the descrip- 
tive designation of motor tissue. 

What name is given to the band or layer of tissue 
which is at the end or ends of a muscle and serves to 
attach it to some part of the skeleton? These tendons 
or cords are composed of a dense fibrous structure 
which, like that of the muscles, may be called motor 
tissue. It is also known as tendinous tissue. 

Where are the ligaments situated? What is their 
appearance? They are composed of a strong, inelastic, 
fibrous material which we may call ligamentous tissue. 

What is the special function of ligamentous tissue? 
It is a typical representative of that class of structures 
known as connective tissues. 

129. The above classification, as will be observed, 
has reference chiefly to the functions of the tissues. 
There is another method of classification which is based 
upon the composition, form, or appearance of the tis- 
sues. For example, we speak of osseous tissue, mus- 
cular tissue, mucous tissue, thereby designating a cer- 
tain structure having characteristics of formation which 
distinguish it from every other. 

Many of the organs or parts of the body may be 
regarded as in the main composed of tissues peculiar to 
these parts alone. Thus, the bones are composed essen- 
tially of osseous tissue, the muscles of muscular tissue, 
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the fibrous membranes of fibrous tissue. But in the 
living bone there are other tissues besides the osseous. 
So also in most of the structures in the body, the tissue 
which is characteristic of the part does not exist there 
alone, but has other tissues mingled with it. For 
example, in a muscle, which is chiefly muscular tissue, 
we find blood vessels, nerve tissues, connective tissues, 
and other minor constituents. Hence, in speaking of 
a part or an organ, this blending of textures having 
different characters and functions should always be 
considered. 

130. librons Connective Tisane. — There are many 
varieties of connective tissue, differ- 
ing from one another in appearance 
and structure, and in particular func- 
tions. One of the most important 
is that known as fibrous connective 
tissue. 

Fibrous connective tissue exists in „ «o . 

Fio. 68.— Absolab 

various forms. It is sometimes soft ^"'fi^nmeJ'***"* 
and delicate, with short fibers faintly 
marked. In this form it is a constituent part of the 
skin, and of the mucous membranes which line the 
interior cavities of the body. 

It is sometimes loose and flocculent, with delicate fila- 
ments and perhaps small spaces called areola. In this 
latter form it is called areolar tissue. 

It sometimes consists of strong and well marked 
fibers, lying either parallel to one another or crossing 
one another at right angles. This form is called fibrous 
membrane. 

It sometimes appears in the form of rounded cords 
or flattened bands as in tendons and ligaments. It 
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Fig. 69. — Whites 
Fibrous Tissub. 



is then called tendinous or ligamental tissue. The 
greater portion of most ligaments, tendons, and fibrous 
membranes is composed of white fibers of connective 
tissue, strong and inelastic. These fibers 
consist of very minute filaments or threads, 
united into bundles or fasciculi. The 
filaments lie almost parallel with one an- 
other and have a wavy course. Both the 
filaments and the fasciculi which they 
compose are firmly cemented together to 
form the hard tendon or ligament. 

There are also yellow fibers of connect- 
ive tissue, and these form an important 
part of certain organs which we have not 
yet studied. They are found also min- 
gled with the white fibers, in the skin, the fibrous 
membrane, and the ligaments. They too are arranged 
in bundles ; but their filaments are much larger than 
those composing the white 
fibers. They are very elastic. 

131. Adipose Tissne. — This 
tissue is the substance usually 
known as fat. It consists of 
round or roundish vesicles 
which vary in size from 1-800 to 
1-300 of an inch in diameter. 
They are formed of very deli- 
cate membrane filled with fatty 
matter. This tissue is found as a layer beneath the 
skin ; it exists in the cavity of the abdomen ; it is a 
constituent part of the marrow of many bones; it is 
found in nearly all parts of the body. 

132. Epithelial Tissue. — Every free surface of the 




Fig. 70.— Adipose Tissub 
(Highly Magnified), 
b.— Fat cells, 
a.— Connective tissue. 
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body, whether exterior or interior, is covered by one or 
more layers of cells. This covering, when it occurs on 
surfaces exposed either directly or indirectly to the 
air, is called epithelial tissue or epithelium. When it 
occurs on surfaces altogether inaccessible to the air it 
is called endothelium. 

138. The free surface of the skin, which is the outer 
protective coat of the body, is therefore covered with 
epithelium. The protective coat 
of the internal passages and cavi- 
ties which open directly or indi- 
rectly to the air, is called mucous 
membrane. Its free surface is also 
covered with epithelium. By ob- fig. 7i.-8impl« epi- 

^ ^ . ^ THBLIAL CKLL8. 

serving the lips you may see how 

the mucous membrane merges into and is continuous 

with the skin. 

134. Epithelium, or epithelial tissue, consists of 
layers or strata of cells usually set compactly to- 
gether. The cells of the deeper strata are generally 
smaller, softer, and more rounded than those on the sur- 
face. In the respiratory organs, the cavities of the 
brain, and some other parts, they are of a columnar 
form, packed close together and furnished with micro- 
scopic processes called cilia. Another variety is some- 
what rod-like in shape and the parts are joined together 
by their sides into a membrane. This variety is called 
columnar epithelium. The outermost cells vary 
greatly in different localities. Those which com- 
pose the coating of the skin have a tendency to form 
a hard, impervious layer well adapted to the protection 
of the part which it covers. This layer is constantly 
being shed or cast oflE, the cells that are thus destroyed 
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being replaced by cells of the deeper layers which are 
modified in form and appearance as they are brought 
towards the surface. Epithelium contains no blood 
vessels, and with but few exceptions is devoid of nerves. 

185. Membrane. — When any soft tissue or part exists 
in the form of a thin, pliable layer or sheet, usually 
investing or lining some other structure, it is called 

a membrane. Most membranes are 
composed partly or entirely of some 
form of connective tissue. They are 
known by various names. The mucous 
membrane is the layer or lining which 
Fio. 72. covers the free surface of those internal 

Showing Qeneral ^ xi ^ i ••• .i 

Btracture of a Sec- parts that are cxposcd directly or 

tion of Mucous t -. - < . <-» » 

Membrane. mdirectly to the air. Serous membrane 

(Highly Magnified.) . ., 4.1, .. 1. v • r 

IS the smooth, tough lining of cer- 
tain cavities of the body that are not exposed to 
the air. It invests or forms the outside covering of 
the stomach, the lungs, the heart, and other organs. 
Where is the synovial membrane, and what is its 
function? The periosteum and the perichondrium are 
also membranes. 

186. Beview. — Make a list of the tissues, classifying 
them as to functions. 

Make another list classifying them as to structure, 
or composition. 

Make still another list classifying them as to appear- 
ance, form, or other characteristics. 

What is a tissue? What is a fiber? What is a fila- 
ment? What are fasciculi? 

Describe the structure and appearance of a tendon. 

In what respect is adipose tissue a protective tissue? 

Is epithelium a protective tissue? Why do you think 



Digitized by VjOOQIC 



THE SKIN. 95 

SO? With respect to its structure, to what cLiss of 
tissues does it belong? 

What is fibrous tissue? Name three structures that 
are largely composed of this tissue. 

The bones, the cartilages, the muscles, combine to 
support and protect the various parts of the body. 
Name another structure that is indispensable to the 
protection of the body and the tissues composing it? 



XVI.— THE SKIN AS A COVERING. 

137. One Function of the Skin. — The bony skeleton 
would be a useless and unsightly thing were it not 
clothed with muscular tissue. The muscles, if left 
exposed and unprotected, would not only present a 
repulsive exterior but would soon lose their contractile 
power, be dried up by contact with the air, and become 
mere lifeless masses of flesh. As, therefore, the mus- 
cles are essential to the skeleton both for protection 
and for assistance in the performance of their 
natural functions, so also the skin is indispensable to 
the muscles in a variety of ways. Although it has 
numerous important functions, we shall at first consider 
it only in its capacity as a covering for the muscles or 
other delicate tissues in situations where they would 
otherwise be exposed to the air. 

138. The skin thus considered is a protective tissue ; 
at a later period in our studies we shall see how it has 
all the functions of an excretive tissue, while at the 
same time it may very properly be regarded as belong- 
ing to still a third class of tissues, the respiratory. 
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Considered simply in relation to its structure or com- 
position, it is called dermoid tissue; but, as we shall 
soon see, it is made up of a variety of tissues, as 
epithelial, connective, elastic. 

189. The skin consists of two layers. The inner one 
of these layers is called the derma^ or true skin, and 
the outer one the epidermis^ or cuticle. 

140. The Epidermis. — What is epithelium? (§132.) 
Where does it occur? What are some of its peculiari- 
ties? If you cut it will it bleed? Does any injury to 
it alone produce pain? Give reasons for your last two 

answers. The epidermis is a true epi- 
thelial structure, composed of numerous 
layers of cells superimposed one upon 
Fio. 73.-PAPIL- another. It covers and protects the true 
^^* skin. It is much thicker in some parts 

than in others. In the palms of the hands, and par- 
ticularly in the soles of the feet, it is of a thick, horny 
texture, thus forming a more effective protection for 
the very sensitive derma. In the hands of persons 
accustomed to manual labor this layer is also here 
much thickened. 

141. The epidermis is so accurately moulded upon 
or united with the true skin, that it shows all the 
various ridges and depressions in the surface of the 
latter. These ridges and depressions are particularly 
noticeable in the palm of the hand and in the fingers. 
Open your hand and see how beautifully they are 
arranged. 

What are these elevations and depressions? 

The elevations mark the position and arrangement 
of certain conical structures called papillce, in the true 
skin. The depressions are merely the spaces between 
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the papillae — ^minute valleys between minute ranges of 
upland. We shall soon learn more abgut them. 

142. Color of the Skin. — The epidermis has two layers 
or strata, 2^ superficial^ or A^7r«y layer, and a deeper layer. 
Each of these is made up of several layers of epithe- 
lium cells. In the cells 
of the deeper layer there 
is found a coloring mat- 
ter, or pigment, which 
gives to races and indi- 
viduals their peculiar and 
distinctive color. In the 
white races this coloring 
matter often appears in 
isolated spots called 
freckles or moles; in the 
darker races, as the negro, 
it is not only far more 
abundant but it is evenly 
distributed throughout the 
cells. 

143. The outermost, or 
horny layer of the epider- 
mis is being constantly 
shed, or worn away; and hence the deeper layer is 
gradually approaching the surface, its cells changing 
and becoming a part of the horny layer. Thus the old 
skin is being constantly removed, and a new skin con- 
stantly supplied. The bran-like material that may 
sometimes be rubbed off the skin with a rough towel, 
consists of the dead epithelial scales of this horny 
layer. The dandruff which collects in the hair is the 
same thing. 




Fio. 74.— Tbansvkksk biccnoN of 
THB Skim. 



G.— Epidermis 
H.— Tru 



rrueslcin. 
A.— Perspiratory dacts. 
B. C— Perspiratory glands. 
D.— Sebaceous glands. 
K— Shaft of hair. 
F.— Hair follicles. 
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144. As in all epithelial structures, there are no 
blood vessels iij the epidermis. In the healthy skin 
the epidermis is closely adherent to the true skin, no 
distinct line of separation being noticeable. But in 
cases of scalds or burns, producing a blister, it is 
separated from it, and the space between the two 
layers is filled with a thin watery substance called 
serum. When the epidermis alone is injured it heals 
without leaving a scar; but if the 
injury extends through the true skin, 
a scar is sure to remain. 

145. The True Skin, or Derma.— A 
close observation of the true skin which 
lies beneath the epidermis reveals the 
Fio. 75.-SKCT10N fact that its surface is studded with 

OF EPIOBBMIS, 11 • 1 • 

Very Highly Small emmenccs arranged m rows or 

Magnified. . r 1 • 1 

Showing the Epi- ndfi^es. Thcse eminences, of which 

thelial Cells. °^ ^ , , _ - 

we have already spoken, are called 
papillae, and they are of much importance in connec- 
tion with the sense of touch. 

The true skin or derma (sometimes called the 
corium) consists mainly of connective tissue; it con- 
tains a considerable admixture of elastic tissue and is 
permeated with numerous blood vessels, nerves, and 
lymphatics. In the palms of the hands and the soles 
of the feet, the true skin is quite thick. One of its 
functions being to protect from injury the parts 
beneath it, it is everywhere tough, flexible, and elastic. 

146. Appendages of the Skin. — Where the skin seems 
to end on the upper side of the last phalanx of each 
finger, what do you observe? 

What is the shape of a perfectly formed finger-nail? 
How would you describe its texture and appearance? 
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A nail is simply a peculiar modification of the horny 
layer of the epidermis. The true skin lies beneath the 
nail, but it does not there contain as many papillae as 
elsewhere. At the sides and the root, the nail is con- 
tinuous with the outer layer of the skin. 

New cells are being constantly formed at the root of 
the nail, and thus it gradually grows longer. 

147. Each nail may be said to consist of three parts : 
the root^ the body or exposed part, and the extremity or 
free edge. If the fingers were de- 
prived of nails what would be the 
disadvantages? What, then, are the 
uses of the finger-nails? Of what 
use are the toe-nails? The nails of 
many animals are much more strong- fio. tb.-section of 
ly developed than in man, forming ^^fuTokL™* 
claws which are in some cases bZn^°* 

long, sharp, and strong. Describe Sl^^J,©^?.* 
the claws of a cat; of a dog. What fiZSdn*' 
is the particular use of each? 

148. Hairs are also modifications of the epidermis 
and therefore appendages of the skin. They do not 
grow upon the palms of the hands, or the soles of the 
feet, or the surface of the upper eyelids ; but upon all 
other parts of the skin they are more or less numerous. 

Each hair consists of three parts : the root^ the shaft, 
and t\iQ point. At its root, each hair has a bulbous 
enlargement which is imbedded in a depression in the 
skin called a hair follicle. The root of the hair is 
softer in texture than the shaft, and is composed of 
epithelial cells. The shaft of the hair also consists of 
epithelial cells. The cells composing the root contain 
granules of coloring matter, called pigment granules, 
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which also extend through the shaft. These pigment 
granules give to the hair its characteristic color. In 
white hair there are no pigment granules. 

149. Glands of the Skin. — The glands of the skin 
are of two kinds, the sebaceous or oil glands^ and the 
sudoriferous or sweat glands. 

The sebaceous glands are small, sacculated organs 
situated in the true skin. They are found wherever 
there are hairs, and usually open 
by means of minute ducts into the 
hair follicles. They secrete an 
oily substance which softens the 
hair and the skin, and makes 
them pliable. 

160. The sudoriferous, or sweat 
FiQ. 77.-HAIRS. glands, are situated in small pits 
(The pupils should name in the deep part of the true skin. 

the parts.) 

Each consists of a coiled tube, 
from which a duct leads to the surface of the skin. 
A celebrated anatomist estimates the total number of 
the sweat glands in the body to be nearly two and a 
half millions. These glands act chiefly as excretory 
organs, removing from the body by their action many 
impurities and waste matters. But of this function of 
the skin we shall learn more when we consider the 
subject of excretions and excretory organs. 

The skin acts also, to a certain extent, as an absorp- 
tive surface. Of this, too, we shall speak in a later 
chapter. 

151. How the Skin may be Injured. — ^The skin being 
a protective tissue, it follows that much care should be 
exercised to preserve it from injury of every kind. 
Personal beauty is dependent to a large degree upon 
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the health and complexion of the skin. A sallow com- 
plexion, or a skin disfigured by blotches or eruptions, 
does not add to one's physical attractions. Such blem- 
ishes are often the result of a disordered state of some 
of the vital organs ; they are sometimes the result of 
a lack of cleanliness; they are frequently produced by 
excesses of some sort or by ignorance of the laws 
which govern physiological conditions. 

162. Some diseases of the skin are produced by the 
use of alcoholic drinks. A clear skin and a healthy com- 
plexion are seldom seen in persons who indulge in the 
drinking of beer, ale, wine, or other beverages of this 
kind. Alcohol frequently causes the skin to become 
dry, harsh, and scaly. The minute veins which carry 
blood through all parts of the true skin become 
enlarged. The skin of the face and especially of the 
nose and cheeks is particularly affected and assumes 
a purplish or violet hue, which plainly tells the story of 
indulgence in alcoholic drinks. The face of even the 
moderate drinker is often marked in this way. 

Occasionally from the same cause the skin asstmies 
a soft and oily appearance, and has a yellowish or earthy 
complexion ; in other cases it acquires a dusky color, 
and becomes preternaturally smooth and glossy. In- 
dulgence in alcoholic drinks can scarcely fail to leave 
its marks and to advertise itself in some way in the 
face of the person so indulging. To have a clear, 
healthy complexion, and to possess manly or womanly 
beauty, one must let such drinks absolutely alone. 

The use of tobacco has also a deleterious effect upon 
the skin, and especially upon its complexion, fre- 
quently causing it to become of a tawny hue. Coffee 
sometimes produces a peculiar muddiness of com- 
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plexion. The excessive use of tea also affects the color 
of the skin. 

153. Blemislies and Commoii Disorders of the Skin. — 

Warts are excrescences from the skin caused by the 
enlargement or excessive growth of the papillae and of 
the epidermis. They sometimes occur also on parts of 
the mucous membrane. A com is a thickening of the 
skin, generally on the toes, and is most often caused by 
the wearing of ill-fitting shoes. Pimples and eruptions 
of the skin, especially of the face, are frequently among 
young people the source of much annoyance, and some- 
times produce permanent disfigurement. Attention to 
the general health by suitable diet and exercise and 
the shunning of all excesses, will often remove the 
cause of these blemishes, as also of many other dis- 
orders which affect the skin and the natural beauty 
of the complexion. 

164. Practical Questions. — ^What useful purposes does 
the hair serve? Upon what is the color of the hair 
dependent? 

When the pigmentary granules of the hair have disap- 
peared, is it reasonable to suppose that they can be re- 
newed by the application of so-called hair restoratives? 

What purposes are served by the eyebrows and 
eyelashes? 

Are hairs elastic? Determine by experiment the 
correct answer to this question. 

What are two uses of the nails? Do the nails grow 
thicker at the same time that they grow longer? 

Upon what does the color of the skin depend? What 
are freckles? 

How is the true skin protected? Why does it need 
protection any more than the epidermis does? 
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XVII.— LIFE PROCESSES. 

166. The Body More than a House. — We have now 
taken a view of the human body simply as a visible 
structure — as a shelter and home for the individual who 
speaks of it as *'my body/* We have compared it to a 
house, and we have considered its framework and its 
walls and its coverings. It has also chambers and 
passages for various uses. But here the analogy ceases. 
The body is much more than a house. It is an organ- 
ism provided with apparatus for its own building-up, for 
the removal of such of its parts as grow old and useless, 
and for the renewal of these parts by the substitution 
of new materials derived from external sources. The 
life processes upon which these various operations 
depend are exceedingly complex and wonderful. They 
are carried on by the harmonious action of numerous 
parts or members, called organs^ each of which is 
charged with the performance of certain definite 
functions. 

166. Let us, therefore, proceed to a study of those 
organs and systems of organs by which the life of the 
body is maintained ; and let us endeavor to understand 
to what extent our health and strength, and indeed our 
physical existence, are dependent upon the ability of 
each part perfectly to perform its particular function. 

157. Organs. — The name organ is applied to parts as 
widely different in their structure as they are various 
in the character of their functions. The bones are 
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organs of support; the muscles are organs of motion; 
the skin is an organ of protection and also an excretory 
organ. There are digestive organs, circulatory organs, 
respiratory organs, vocal organs^ organs of vision, 
organs of hearing, and many others. 
Some of the organs are in the form of 
solid bodies, as the bones, the teeth, the 
muscles ; some are in the form of cavities 
of various shapes and sizes, as the mouth, 
pio. 78.-SIMPLE the stomach ; some are passage - ways 
opening from or into other parts or organs, 
as the veins, the lymphatics. Many have structures pe- 
culiarly their own, and admit of no general description. 
158. Glands. — An important class of organs is that 
of the glands, peculiar structures which assist directly 
or indirectly in a very large -number of the life proc- 
esses. We have already learned certain 
facts about some of the glands of the 
skin. The original meaning of the 
word gland i^ **a little acorn,*' and this 
may aid you in forming some idea of 
the general shape of these organs, al- 
though they differ widely in appear- gf,-^?;7^SSe;>. 
ance. But what is a gland? It is an 
organ, follicle, or other structure which produces some 
substance peculiar to itself, and, by so doing, assists 
either in carrying on the various complex processes 
through which the vital activities of the body are main- 
tained, or in removing from the system substances 
which, if allowed to remain, would produce more or 
less injury to the bodily organs. 

There are, therefore, two general classes of glands, 
secretory and excretory. This brings us to a brief 
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consideration of the two important processes known 
respectively as secretion and excretion, 

169. Secretion, in the sense generally understood, is 
the process by which some particular fluid — ^liquid or gas 
— is formed from materials supplied by the blood and is 
poured out upon some free surface, whether of an 
internal cavity or of the exterior of the body. The 
formation of saliva^ the production of 
perspiration — ^these are familiar examples 
of secretion. 

If a fluid produced by secretion is _ _ _ 

^ -^ Fig. 80. — SniPLU 

intended to perform some special function ®^t?i^" °' 
in the body, it is called a secretion. 

If a fluid produced by secretion has no further use in 
the body, but is formed merely to be removed, it is 
called an excretion. 

Saliva is a secretion ; the perspiration is an excretion. 

Excretions are discharged from the body as useless 

matter. Secretions are generally, although not in all 

cases, taken up again in a more or less 

modified form into the blood. 

Some secretions, besides performing 
certain important functions, contain a 
cfreater or less amount of excrementitious 

Fig. 81. — Com- ^ 

POUND GLAND mattcr which must m some way be re- 

(Tubular). j r ^t. x 

moved from the system. 
160. As we proceed with our studies we shall learn 
about many different kinds of glands and of the various 
secretions or excretions produced by them. We shall 
learn that the process of secretion is of the utmost 
importance — so important that life cannot exist without 
it. We shall also learn what are some of the special 
functions of different secretions, and how their pres- 
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ence or absence affects the operations of certain organs 
and the never-ceasing changes that are taking place in 
the living body. 

161. Decay and Eepair. — During every moment of 
life the body is undergoing many changes. Certain of 
the cells which compose the tissues, having performed 
the functions allotted to them, suffer decay ; they are 
transformed into dead, useless matter, and are removed 
or excreted from the body. This process of change is 

necessary to life ; its rate of activity may 
be modified by various means and by 
many circumstances, but it must go on 
^Y^t'^^'~^^^' and does continue without cessation. 

TUBB OF A PlJAIN 

SBCBKTiNG SUB- T^e losscs to the body through the 
Showing ceiia and rcmoval of decayed and worn-out matter 

Membrane. < . t -,-, 

are equal m the aggregate to no small 
amount. Now this constant destruction and removal 
of the principles composing various parts of the body, 
makes necessary the constant appropriation of new 
matter from outside. To restore all losses, and to 
maintain the normal vigor and strength of the body, 
the system must be supplied with certain definite 
kinds of matter, containing the same chemical ele- 
ments as compose the changing tissues. These ele- 
ments are all found in the blood; they are carried by 
the blood to the parts where they are needed; and 
there they serve to form new tissues, the process of 
renewal going on at almost the same rate as the proc- 
ess of destruction. 

162. It is from the blood, then, that the materials 
are derived which repair the decaying tissues. But 
how is the blood itself supplied with these materials? 
Chiefly from the food. 
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XVIIL— FOODS. 

168. Classification of Foods. — Foods are derived from 
many different sources; indeed, all nature is tributary 
to man in this respect. From the animal kingdom 
are derived meats of all kinds, eggs, milk, and many 
other products. From the vegetable kingdom come 
fruits, edible roots, grain, and an endless variety of 
plant products. From the inorganic world are derived 
either directly or indirectly the various mineral sub- 
stances necessary to the maintenance of health and 
strength. Into what three classes, therefore, may 
foods be divided with respect to their origin? 

With respect to their nature and purpose they may 
be classified as follows: 

1. Organic tissue-making foods; 

2. Organic heat-producing foods; 

3. Inorganic foods. 

164. Organic Tissne-Making Foods. — These sub- 
stances, which are also called proteids, embrace all 
animal and vegetable foods with the exception of fats, 
sugars, and starches. They are all rich in musculine, 
fibrin, gluten, casein, or albumen, and some of them 
contain two or more of these principles. 

166. Mnsculine is the principle which constitutes 
much of the bulk of lean meat — muscular tissue. Of 
the many kinds of meat, lean beef is the most nutri- 
tious. Other meats, — the flesh of birds, fishes, and 
wild animals, pork, mutton, etc., — have great nour- 
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ishing power, but the system will rebel against them 
if they are taken as a constant article of diet. 

Meats are rendered much more digestible by cook- 
ing. The process of cooking serves to disintegrate 
the inter-muscular tissue, thus making the meat ten- 
der and easily acted upon by the digestive fluids. It 
also develops certain savors, which, besides being 
pleasant to the taste, no doubt stimulate the secretion 
of the digestive fluids. Muscular tissue, if used as an 
exclusive article of diet, is capable of sustaining life 
for an indefinite period. 

166. Fibrin is found in the blood and in animal 
foods. It is not such an important nutritive principle 
as musculine. 

167. Casein is found only in milk. It constitutes 
much of the bulk of cheese, and in this form is a 
valuable article of food. Milk, besides casein, contains 
butter, sugar, and inorganic salts. As an article of 
diet, milk is capable in itself of supplying adequate 
nourishment to the body. It contains all the elements 
which are essential to nutrition, and on this account is 
without doubt the most valuable single article of diet 
which we possess. The constituents of pure milk are, 
on the average, as follows : 

Percent. 

Water 87.50 

Butter-fat 3.50 

Casein and albumen 3.75 

Milk sugar 4.50 

Ash (mineral salts) 75 

This average composition has served as the basis in 
both state and city governments for the enactment of 
laws or ordinances, the purpose of which is to prevent 
watering, skimming, and other forms of adulteration. 
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168. Albumen is the nutritive principle which is 
found chiefly in the white of eggs. Although very 
important to the nutrition of the body, this element is 
not capable in itself of supporting life. Eggs, besides 
containing much albumen, contain fatty matter and 
organic principles in the yolk, and also much inorganic 
matter. Eggs are, therefore, a very nourishing diet. 

Albumen and casein are both found in many vege- 
tables which are used as articles of diet. They are 
then called vegetable albumen and vegetable casein^ and 
as nutritive principles they are probably as valuable as 
though of animal origin. Vegetable albumen is 
found in the juice of vegetables, such as cabbages and 
turnips. Vegetable casein, legumin^ is found prin- 
cipally in peas and beans. 

169. Olnten is a highly nutritive principle found in 
the cereals — wheat, oats, rye, and barley. It occurs 
most abundantly in the grain of the wheat. Gluten 
exists in greater or less proportion in all wheat flour, 
and is the substance which permits bread to be of a 
porous character. Gluten is capable of sustaining life 
if used as a sole diet. Bread has been aptly called the 
** staff of life. ** It is an article of diet which is adapted 
to all the needs of the body, containing starch, gluten, 
and inorganic salts. Oats and com also contain 
gluten, and are important articles of diet. With 
some people, oatmeal or com meal is the chief food. 
Both are highly nutritious. Corn differs from most 
other grains in that it contains much oil. 

Organic tissue-making food is absolutely essential to 
the nutrition of the body. Without it, living tissues 
cannot exist. If the body were denied this class of 
foods, although there should be a plentiful supply of 
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Others, it would gradually waste away, and after a time 
death would result with all the symptoms of starvation. 

170. Organic Heat-Producing Foods. — This class of 
foods does not contain nitrogen. The important prin- 
ciples belonging to it are sugars, starches, and fats. 
These are valuable and necessary foods, their chief 
function being the production and maintenance of 
bodily heat. The sugars and starches are known as 
hydro-carbons^ and they are principally of Vegetable 
origin. They form the bulk of man's ordinary food of 
this class. 

171. Sugars are of various kinds — cane, grape^ 
maple, and milk sugar, honey and molasses. Cane, 
sugar is derived from the sugar cane; grape sugar 
comprises all sugars which exist in the fruits — apples, 
pears, gfrapes, peaches, etc. Maple sugar is obtained 
from the sap of the sugar maple, and is a variety of 
cane sugar. Honey and milk sugar are both derived 
from the. animal kingdom. 

So far as regards their chemical composition and 
characteristics, all vegetable sugars are included in 
the two great classes, cane sugar and grape sugar. 
Grape sugar is also known as glucose. It is in this 
form that all sugar is taken into the blood. Cane 
sugar and the starches are converted, by digestion, 
into grape sugar before being absorbed into the cir- 
culation. 

Sugar as Food, — Dr. V. Harley, of the Royal 
Society of Great Britain, has recently published the 
results of some experiments bearing on the influence 
of sugar as food in the production of muscular energy. 
Some of his conclusions are as follows : 

* * I . Sugar when taken alone is a muscle food. Five 
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hundred grammes (seventeen and a half ounces) of 
sugar increased the amount of muscular work done on 
a fasting day from 6 1 to 76 per cent. 

**2. The muscle-energy-producing effect of sugar is 
so great that 200 grammes (seven ounces) added to a 
small meal increased the total amount of work done 
from 6 to 30 per cent 

**3. When sugar was added to a large meal it 
increased the total amount of work that can be done 
from 8 to 16 per cent. 

*'4. The work done during a period of eight hours 
can be increased from 22 to 36 per cent, by taking 250 
grammes (eight and three-quarter ounces) of sugar. 

*'5. When sugar is taken at 3:50 p. m., it not only 
obliterates the diurnal fall in the muscular power, 
which usually occurs at 5 130 p. m., but even causes an 
actual increase in the total amount of work done.** 

172. The Starches are found abundantly in the 
vegetable kingdom. They exist in the cereals — ^wheat, 
com, rye, barley, etc., — ^in potatoes, rice, sago, 
tapioca, arrowroot, and in various other vegetable 
foods. Starch is used abundantly as an article of diet. 
It is not absorbed into the system directly as starch, 
but by certain digestive processes it is changed within 
the body to glucose or grape sugar before being 
absorbed. Starch, though an important article of 
food, is incapable by itself of supporting life. 

173. The Fats and Oils are derived from both the 
vegetable and the animal kingdom. The principal 
kinds of fat used ordinarily for food are the animal 
fats — ^butter, lard, suet, and various fats of meat. 
Cotton-seed oil and olive oil are derived from the 
vegetable kingdom, and are valuable articles of diet. 
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Of the fats, butter is no doubt the most important 
food. Fats, though of great use in the proper nutri- 
tion of the body, cannot by themselves support life. 
Their chief value as foods lies in the fact that they are 
more powerful heat producers than sugars and 
starches; but they are not so easily digested. 

174. Inorganic Foods. — Inorganic food consists of 
mineral salts and water. These exist in greater or less 
proportion in all the tissues of the body, and must, 
therefore, be supplied to them through the food. 

176. The most important mineral salts, and their 
relation to the tissues of the body, may be easily 
learned by reference to the following table : 

Name, Where Found, 

Chloride of sodium Found in every tissue of the 

(common salt). body excepting the enamel 

of the teeth. 

Phosphates of lime, magnesia, Found in every tissue of the 
soda, and potassium. body. 

Carbonate of lime. Found principally in the bones, 

teeth, and cartilages. 

Sulphates of sodium and Found in all the tissues. Not 

of potassium. in the bile or gastric juice. 

176. The most important of all the inorganic foods 
is without doubt water. It is found in every part of 
the body, and enters into the composition of every 
tissue. All articles of diet contain water; vegetable 
foods contain it in large proportions. It is an absolute 
essential to all forms of life. 

Water serves as a solvent, aiding in the removal of 
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all waste matter and in the carrying of nutrition to the 
tissues. (See § 484.) 

In what ways is water supplied to the system? Name 
some solid foods which contain a good deal of water 
(§483)- Is it possible to support life long without 
drinking water? How? When does one feel the need 
of water most?* 

177. The Heed of a Variety of Food. — Besides a 
general demand upon the part of the system for food, 
there exists a demand for a variety of food. Each of 
the tissues requires for its nutrition certain special 
elements. Thus the bones require one class of ele- 
ments, the muscles another, nerve tissues another. 
Some kinds of food contain certain elements, other 
kinds contain other elements; hence the use of a 
variety of foods is necessary to supply the needs of all 
the tissues. If you should eat but one kind of food 
for a considerable length of time, nature would rebel 
and the food would soon become very distasteful and 
the demand for other kinds of aliment would be 
pronounced. 

178. The Effects of Improper Food. — By improper 
food we mean aliment which is not thoroughly adapted 
to all the needs of the body. Such food, while it may 
preserve life and sufficiently nourish some of the 

♦The amount of water in each 1,000 parts in the body is shown 
in this table: 

Enamel of teeth 2 Ligaments 768 

Teeth 100 Blood 780 

Bone 130 Bile 905 

Cartilages 550 Saliva 983 

Skin 575 Perspiration 986 

Muscles 725 Tears 990 
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tissues, does not nourish others. As a consequence, 
while certain parts of the body are strong, others 
remain weak, and the general health is impaired. 

RELATIVE VALUE OF STAPLE FOODS. 



^^F^a^Q'^ WATER HEATondENERGY 




Digitized by VjOOQIC 



NARCOTICS. 



"5 



XIX.— SUBSTANCES NOT FOODS. 



179. Narcotics. — There are certain substances 
which, although in no sense foods, are taken by some 
people into their systems, thereby producing various 
evil consequences. Chief among these are alcohol and 
tobac^44^omej)f the eff ects of which hav e^lreaj^j^been 
notici 
called 
thosq 
harm 
the t| . 
heald 

ISC 
whicl 
ingti 
In it 



ver)r 
1« 

holi ^ * 

beverage. It is available for such purpose only 
when it is combined with other substances, or diluted 
with milder liquids, having a pleasant taste. The 
most common alcoholic drinks are cider, beer, ale, 
wine, brandy, and whisky. In some of these there is 
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a much smaller amount of alcohol than in others, but . 
its poisonous qualities remain in all, and its effects are 
in proportion to the quantity of poison imbibed. All 
alcoholic liquors, as indeed alcohol itself, are the result 
of a process called fermentation. They are produced 
from substances which before fermentation occurred 
were wholesome and nutritious foods. By fermenta- 
tion, therefore, that which was once fitted to sustain 
life becomes changed into a substance inimical to 
health and productive of disease. 

182. What Is Permentation ? — Fermentation is 
essentially a destructive process. We are familiar with 
many of its forms, such as the putrefying of meat, the 
decaying of fruits, the rotting of grain, the souring of 
milk, the moulding of bread. It is constantly going 
on around us; for it is nature's method of disintegrat- 
ing organized substances which have ceased to live, 
and of setting free their parts in order that they may 
not cumber the earth, but may enter into other forms 
of life. The cause of fermentation was for a long 
time a mystery. It was popularly supposed to be 
merely a spontaneous chemical process in which old 
compounds were broken up and new ones formed. 
Some writers contented themselves by merely saying 
that it was ** nothing but the decay of a sweet liquid. *' 
Very recent investigations have shown conclusively 
that this mysterious process of decay is due to the 
presence of minute living objects known by the 
general name of bacteria. These micro-organisms may 
be found in the air, where they float unseen, and ready 
at the first favorable opportunity to begin their work. 
They are of many different kinds ; each kind has its 
own particular class of substances upon which it lives. 
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producing its own particular form of fermentation. 
Some act upon meats, and give rise to what is called 
putrefactive fermentation. Some prey upon the sugar 
in fruits and grain infusions, changing it into carbonic 
acid and alcohol through the process known as vinous 
fermentation. Others are the producers of acetous 
fermentation^ changing the alcohol of any fermented 
liquor into vinegar. Those which are concerned in 
vinous fermentation and the production of alcoholic 
liquors are popularly known as akoholic ferments^ and 
include the yeast plants of bakers' and brewers* yeast. 
How does the yeast plant produce fermentation in 
bread-making? (§479). 

183. Alcohol from Emits. — The micro-organisms 
known as alcoholic ferments are common in the 
air, and especially at the time when fruit is ripening. 
They alight upon any substance which seems to be 
favorable for their growth and propagation. When 
fruits begin to ripen the ferments collect upon their 
stems and skins. The delicate bloom which covers the 
surface of ripe grapes, or which is sometimes seen on 
an apple or a pear, is largely composed of these and 
kindred minute living organisms — ^germs of tiny plants 
waiting for an opportunity to grow and multiply. So 
long as the fruits remain entire, the ferments can do 
them no harm, for they cannot penetrate the unbroken 
skin. But when the juice is pressed from apples or 
grapes, some of these tiny objects, being washed into it 
from the skins or stems, seize upon the sugar in these 
juices in order to secure from it the oxygen which is 
their necessary food. But as they consume this sugar, 
they leave in its place other substances of quite a 
different nature. What are they? One is a gas which 
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bubbles tip to the top and escapes; this is carbonic 
acid gas. Another is a liquid, and its name is alcohol. 
The alcohol, mingling with the other constituents of 
the apple-juice, produces cider; or, mingling with 
what remains of the grape-juice, it is called wine. 
The production of all other alcoholic drinks is the 
result of a like process — the action of ferments upon 
the sugar contained in the fruits or grain infusion. In 
every one hundred pints of hard cider there are from 
five to fourteen pints of alcohol. Some wines contain 
a much larger proportion of alcohol, because it is added 
after fermentation has ceased. The ferments cannot 
work in. a liquid containing more than fourteen per 
cent of alcohol. If old cider is allowed to stand, other 
ferments attack it and change its alcohol into acetic 
acid. The liquid is now called vinegar and does not 
contain any alcohol. 

Many persons have become confirmed drunkards by 
beginning with the drinking of cider; for, although 
ithis liquor contains but a small proportion of alcohol, 
:the amount is sufficient to create an appetite for 
strong drink, which, unless resisted, is sure to lead to 
indulgence in other beverages. 

184. Alcohol from Grains. — Of all alcoholic drinks, 
beer is the most largely used. Many people partake of 
it daily under the mistaken idea that it is a food and 
aflFords them nutriment and strength. It belongs to 
the class of beverages known as malt liquors, and is 
usually made from barley. Other liquors are made 
from rye, wheat, or com. These grains in their 
natural state contain a large quantity of starch and 
but little sugar. It is much more trouble, therefore, 
to make beer than to produce wine or cider; for, in 
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order that vinous fermentation may take place in the 
grain, the starch must first be converted into sugar. 
This is done by a process called brewing. The 
barley is at first thrown into a vat or cistern, where it 
is covered with water and allowed to soak until the 
grains become soft and begin to swell. It is then 
allowed to dry in a warm room. The seed germs 
begin to sprout, just as would have happened if they 
had been planted in the ground. They grow rapidly, 
and the starch which was stored up in the grains and 
which could not be dissolved in water, is changed into 
sugar which is soluble in water. This is the sugar 
which the brewer wishes to use in the making of 
alcohol. It is the natural food of the growing plant, 
and if nothing were done to prevent, it would soon be 
consumed. But the sprouting grain is now thrown 
into a hot chamber, where the sprouts are shriveled 
and die. The plants are killed, but the sugar remains 
unharmed. The grain is now called malt. The 
brewer next grinds and crushes the malt, pours on 
warm wat^r, and mashes it in a vat, thus dissolving 
the sugar. The sweet liquid mass is now called wort. 
It is boiled with hops, then it is drawn oflF into large 
tanks, where it is cooled and yeast is added to produce 
fermentation. And now the process is the same as 
with the fruit juices. The yeast ferment breaks up 
the particles of sugar, and changes them into alcohol 
and carbonic acid. The alcohol remains in the liquid, 
while the gas comes to the top in bubbles, covering 
the surface with a yellow scum. 

The brewer allows the mixture to stand until it has 
acquired the desired strength, when he draws it oflF 
into strong casks or barrels, which are closed air-tight 
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and kept in a cool place. In one hundred glasses of 
beer there are usually four or five glasses of alcohol. 
Ale, porter, and stout differ from beer only in contain- 
ing a larger proportion of alcohol. 

186. Baking and Brewing. — ^The baker uses grain 
and yeast and makes bread, which supplies nutriment 
and vigor to the body. The brewer also uses grain and 
yeast, but he makes beer, which sooner or later 
weakens the body. Why is it that from the same 
substances one produces a food and the other an arti- 
cle which contains a poison? The two processes of 
bread-making and beer-making are entirely different. 
In the former, the object is to preserve all the nourish- 
ing elements in the grain, and to make it palatable and 
wholesome. In the latter, the object is to change the 
starch into sugar, which is in turn acted upon by the 
ferment and turned into alcohol and carbonic acid, thus 
destroying the nourishing element in the grain. In 
the bread the strength-giving constituents of the 
grain are all preserved ; in the beer they have nearly 
all been destroyed. In well-baked bread neither the 
alcohol nor the carbonic acid remains ; in the beer the 
alcohol forms a most important ingredient, without 
which no one would care to drink it. The fermenta- 
tion of the bread continues but a few hours, and is 
stopped by the heat; that of the beer goes on even 
until it is used as a drink. The baker saves all his grain, 
and produces a wholesome food ; the brewer destroys 
his grain, and produces an unwholesome liquor. 

186. Mistaken Ideas abont Beer. — Many people use 
beer under the mistaken idea that it is a nourishing 
food. Many drink it because they think it will **tone 
up the system. ' ' But the facts in the case are exactly 
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beer, cider, wine, or any other of the weaker fer- 
mented liquors, are quite likely soon to acquire an 
appetite for stronger drinks. This appetite constantly 
demands more and more alcohol, and finally will not 
be satisfied with the weaker liquors, but must have 
something strong. In this way the taste for distilled 
liquors is acquired, and indulgence in beer leads to 
irdulgence in whisky and brandy. 

A number of eminent physicians have joined in the 
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following Statement regarding this accumulative action 
of alcohol : * * Alcohol, like all other substances of a nar- 
cotic nature, has the power when taken frequently, even 
in small quantities, to create a diseased appetite for more, 
which may become imcontroUable, and its gratification 
destructive. ' ' Are you willing to become a slave to this 
appetite? Are you willing to lose your power of self-con- 
trol and allow this deceiver to be your master? Your 
only safe course is never to taste any alcoholic liquor. 
Many hundreds of years ago a very wise man said: 
' *Wine is a mocker, strong drink is raging; and whoso- 
ever is deceived thereby is not wise." This is as true 
now as it was in those ancient days when the physio- 
logical eflFects of alcohol were but little understood. 

190. How Drunkards Are Made. — No person desires 
to be a drunkard. The haggard look, the inflamed 
eyes, the purple face, the bloated body which mark 
the habitual tippler are oflFensive and disagreeable to 
everybody. This condition is the result of continued 
indulgence in drinks containing that insidious poison, 
Che man who now excites your contempt 

taking 

beer or 

S. But 

I it, the 

il there 

hlgence 

only incrcAov.v. . he was 

aware, the drinker was a slave to ni& t»,^^^Ate and 

unable to resist its cravings. Stronger and stronger 

drinks were demanded, the power of self-control was 

completely lost, health and strength gave way, and the 

man became the pitiable wreck that you now see. 
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XX.— THE DIGESTIVE SYSTEM. 

191. Digestion. — The food, in order to be of service 
to the body, must itself iindergo numerous changes. Its 
nutritious portions must be separated from the non- 
nutritious; and the former must be put in a fit con- 
dition to be absorbed, or taken up, by the blood and 
carried by it to the tissues to which it is to serve as 
nutriment. 

The process by which the food is thus made available 
for the needs of the system is called digestion. 

The assemblage of organs by which this process is 
carried on is called the digestive system^ or the digestive 
apparatus, 

192. Organs of Digestion. — There are several differ- 
ent organs of digestion and each performs its own 
peculiar functions. 

Some of these organs receive the food, and by proc- 
esses that are chiefly mechanical, prepare it for the 
important changes which it must undergo. Others 
assist in converting the digestible portions of the 
aliment into a semi-liquid chyle^ which is of such com- 
position and consistency that it is capable of being 
absorbed and used for the nourishment of the body. 
Still others aid in separating the undigested from the 
digested parts and in preparing the former for excre- 
tion and the latter for absorption. 

198. The Alimentary Canal. — In the lowest forms of 
animals the digestive system is exceedingly simple, 
consisting solely of a sort of pouch or sack with only 
one opening. Food introduced into this pouch be- 
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comes digested and is absorbed by contact with its 
walls. The animal itself is little more than stomach. 
It may be turned inside out, the former outside surface 
becoming the interior, and still the process of digestion 
will be carried on. 

As a general rule the digestive system of every 
animal includes an opening for the entrance of food, a 
definite digestive cavity or chamber called the stomachy 
and a tube of greater or less length leading from this 
cavity. This entire passage-way for the food during 
the processes of digestion is called the alimentary canal. 

194. As animals advance in the scale of existence 
other parts are added to the alimentary canal, thus 
increasing its structural complexity and adding to its 
general efficiency. In the carnivora, or flesh-eating 
animals, whose food contains but a small amount of 
indigestible matter, the alimentary canal is compara- 
tively short, being when stretched out only three or 
four times the length of the body. In the herbivora 
or plant-eating animals the canal is much longer. In 
man, whose food is derived from both animal and 
vegetable sources, it is five or six times longer thaq 
the body. 

In all the more highly organized animals, and there- 
fore in man, the alimentary canal consists of a number 
of divisions or compartments into which various secre- 
tions necessary to the digestive processes are poured. 
This canal, together with the organs and parts that are 
connected with it for the performance of the digestive 
functions, constitutes the digestive system. 

195. Divisions of the Alimentary Canal. — The ali- 
mentary canal, being several times longer than the 
body, is for the most part coiled up within the abdom- 
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inal cavity. It consists of a number of divisions or 
compartments which open into one another from above 
downward. These compartments are the mouth; the 
pharynx^ or throat; the esophagus^ or gullet; the stom- 
ach; the small intestine^ a long and slender tube ; and 
a larger but shorter passage-way, called the large in- 
testine, 

196. The alimentary canal is lined throughout with a 
delicate tissue called the alimentary mucous membrane. 
Next to this membrane and forming the middle layer 
of the walls of the alimentary canal there is a layer of 
submucous membrane; and on the outside of this is 
another layer of tissue composed mostly of involuntary 
muscular tissue, which helps to strengthen the walls, 
and by its contractions causes the food to move along 
the canal from above downward. 

197. In the walls of the alimentary canal there are 
numerous blood vessels and other vessels called l3rm- 
phatics; and opening on its inner surface are the 
mouths of a great many ducts from the various glands 
connected with the digestive system. Some of these 
glands are of considerable size and lie outside of the 
alimentary canal; others are very minute and are 
imbedded in the walls of the canal itself. The fluids 
secreted by these glands and poured out through the 
ducts into the interior of the canal, are mingled with 
the food, and by acting upon it, render it soluble and 
make it capable of being absorbed. 



Digitized by VjOOQIC 



126 HUMAN PHYSIOLOGY AND HYGIENE. 



XXI.— THE MOUTH. 

198. The Month Cavity, or Oral Cavity, is the dilated 
beginning or first division of the alimentary canal. It 
is bounded on the front and sides by the lips, the 
gums, and the cheeks; above by the palate; below by 
the floor of the mouth and the tongue, and behind by 
the pharynx. 

The mucous membrane which lines the mouth termi- 
nates on the lips, where it merges into the skin of the 
face. It is a part of the general 
lining of the alimentary canal and 
is continued from the back of the 
mouth into the pharynx. This 
membrane is of a rose-pink color 
(^ VaJS/ during life and is covered with scaly 

Fw. 83.-EPITHBLIUM epithelium. (Ficf. 83.) 

FBOM THK Mucous ^ *\. --^ 

i^^BANK OF THK 199. That part of the roof of the 
mouth which forms the partition be- 
tween the mouth and the nose is called the hard palate. 
The mucous membrane covering it is more dense and 
tough than that of some other parts. Continuous with 
the hard palate and projecting downward and back- 
ward from the roof of the mouth is another structure 
called the soft palate. It forms a membraneous fold 
or curtain between the oral cavity and the pharynx. 

At the middle of the edge of the soft palate is a 
conical process, called the uvula^ which hangs down- 
ward. On each side of the back "part of the mouth, at 
the entrance into the pharynx, is a glandular organ 
or process called the tonsiL These organs are oval in 




Digitized by VjOOQIC 



THE TEETH. 



127 



form and are much larger in some persons than in 
others. 

Apply the tip of the tongue to the front part of the 
roof of the mouth and move it backward; the distinc- 
tion between the hard palate and the soft palate may 
be readily perceived. 

Stand before a mirror and open your mouth very 
wide, depressing the tongue. You can see the various 
parts of the mouth 
cavity — the cheeks, 
the gums, the pal- 
ates, the uvula, the 
tonsils. 

200. The Teeth.— 
The front borders of 
the upper and the 
lower jaw-bones 
form two semicircu- 
lar processes called 
the alveolar processes. 
These processes con- 
tain sockets or cav- 
ities for the recep- 
tion of the teeth, and 

are covered by the gums. In old age, after the loss 
of the permanent teeth, these processes are absorbed 
and the entire bone becomes much thinner. 

Two sets of teeth are developed. The first appear 
in early childhood and are called the temporary, or 
milk teeth; they are shed within a few years and are 
replaced by a second set, called \h& permanent teeth. 

The number of teeth is by no means uniform in 
different individuals, but generally there are twenty in 




Fig. 84.— Showing how the Milk Teeth are dis- 
placed by the Permanent Teeth. 
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Crown. ^ 



Neck. 



Boot^ 



Pxo. 85. — Vkbtioal 

SBOnON OF A 

Tooth. 



the temporary set, and thirty-two in the permanent 
set. 

201. Every tooth consists of three distinct parts: 
the crown, or that part which projects above the gum 
and can therefore be seen in the 
mouth ; the root, which is that part im- 
bedded within the jaw-bone; and the 
neck, or narrowed portion between the 
other two parts. 

The cavities in the alveolar processes 
are lined with periosteum and this is 
reflected back upon the root of the 
tooth, covering it as far as its neck. 

202. Of the thirty-two permanent 
teeth, there are in each jaw four in- 
cisors, two canines^ four bicuspids, and 
six molars. 
The incisors are the cutting teeth. Their crowns 
terminate in sharp horizontal edges and are wedge-like 
in shape. Each incisor has a single long, conical root. 

The canines are directly behind the in- 
cisors, one on each side of the jaw. Their 
crowns are large and thick and taper to a 
blunt point. The roots, which are single, 
are long and thick and sink deeply into the 
jaw. 

In flesh-eating animals the canines are 
usually long and strong, and are adapted 
for seizing their prey and tearing it in 
pieces. 

The bicuspids are directly behind the canines, two 
on each side of the jaw. They are smaller and a little 
shorter than the canines. The root of a bicuspid is 




FiQ. 86.— IN- 
CISOBS. 
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usually single, with a deep groove on each side partially 
dividing it into two parts. The separation is some- 
times complete, especially in the root of the upper 
second bicuspid. 

The molars are the largest of the teeth and are 
adapted for grinding the food. They are di- 
rectly behind the bicuspids, three on each side 
of the jaw. The roots of the molars are divided 
into several parts, or fangs, varying in number 
from two to five. The hindmost molar is 
termed the wisdom toothy and does not usually 
appear until several years later than the other 
permanent teeth. The number and arrange- 
ment of the teeth may be better understood by 
observing the following diagrams: 

TEMPORARY OR MILK TEETH. 

mol. ca. in. in. ca. mol. 
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Fio. 88.— Tbkth of a Flbsh 
XATiNe Animal. 



structures. 



The temporary, or milk 
teeth, are smaller than those 
of the permanent set, and 
their position in the jaws is 
less oblique. 

203. Stmctnre of the Teeth. 
— If a tooth be sawn through 
vertically it will be seen to 
consist of several distinct 
In the interior there is a space called 
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the pulp cavity^ which opens through a small hole 
at the tip of the root. In the living tooth this 
cavity contains a soft, sensitive substance called the 
dental pulp. The pulp is well supplied with nerves 

and blood vessels, which en- 
ter the tooth through the 
hole at the tip of the root. 
Any injury or exposure of 
the nerves in the dental pulp 
is likely to cause pain or con- 
tinued aching. (See Fig. 92.) 
The solid part of the 
tooth is composed of three structures: dentine^ enamel^ 
and cement. 

The dentine forms the greater part of the tooth. 
In the crown of the tooth it is covered with enamel ; in 
the root it is invested in cement. It is a modification 
of osseous tissue, and is composed of earthy 
and animal matter. 

The brilliant white layer which invests 
the crown of the tooth, is called the en- 
amel. It is not only the hardest part of 
the tooth, but it is the hardest tissue in 
the body. Ninety-six per cent of its sub- 
stance is earthy matter, consisting chiefly fiq. 90.-B1- 

o y CUSPIDS. 

of phosphate of lime. The free surface of 
the enamel of an unworn tooth is covered with a very 
thin, homy membrane called the cuticle of the enamel 
This membrane is worn off the crown by use. In 
persons who eat much hard food the enamel on the 
grinding surface of the molars is often worn down 
flat, and sometimes even down to the dentine. 
The cement, or the crusta petrosa, covers the root of 
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the tooth and continues as far as the beginning of the 
enamel. Its structure is very similar to that of bone, 
and for that reason it is sometimes called tooth bone. 
It grows thicker as the bone grows older, and some- 
times closes up the hole leading 
to the pulp cavity. When this 
occurs the nutrition of the tooth 
is prevented, and it soon be- 
comes loose in its socket and ^"'- •'oiSSi^A^?."^" 
drops out. Sometimes the dental 

pulp is slowly converted into a hard substance, and a 
similar destruction of the tooth ensues. 
204. The Tongue. — The tongue, although it has 

other important functions, 
^ acts in concert with the teeth 
5r:«^M i>:^p\vfj» |j^ ^^ mastication or chewing 

1 of the food, helping to move 
p "1^^ ^WM' ^^ about in the mouth, test- 
ing its fitness to be swal- 
<^^^^l}\ lowed, and finally forcing it 

back into the pharynx, where 
it enters the esophagus. 

f-'-M/K f Jli '^^® tongue is a mobile, 

muscular organ covered with 

iv^viW.*/ ^ mucous membrane upon 

"^ which there are numerous 

eenamel; a. cutlcleof enamel; minute eminences Called 
d, dentine; n, the neck; f, root, or >,^vtV//>» T^'U^t^^ ^^Nr^ 4-1%^ 

fang; c cement; p, pulp cavity. paptUCS, 1 nese glVC the 

tongue its characteristic 
roughness. On the sides of certain of these papillae, 
and embedded in the epithelial tissue, are numerous 
small flask-shaped bodies richly supplied with 
nerves. These bodies are of importance in con- 
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nection with the sense of taste and are called taste 
goblets. The tongue is attached at its base to the 
hyoid bone (§56) by means of several muscles. The 
tip of the tongue and part of its sides and imder 

surface are free. Fre- 
quently, when the di- 
gestive organs are dis- 
ordered, the tongue is 
covered with a yellow- 
ish white coating. This 
coating is composed of 
worn-out epithelium, a 
little mucus, and nu- 
merous minute organ- 
isms called bacteria. It 
is caused by the sym- 
pathy which exists be- 
tween all parts of the 
mucous membrane of 
the alimentary canal — 
a sympathy which 
causes a disorder in one 
part soon to manifest 
itself in another. 

The tongue assists 
both in the mastication 
and the swallowing of the food. 

205. The Salivary Olandfl. — The division and grind- 
ing of the food by the teeth is called the act .of masti- 
cation. While this act is going on another important 
digestive process is also taking place in the mouth 
cavity. This is the incorporation of saliva with the 
food — a process commonly called insalivation. 
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What is saliva? It is a fluid composed of secretions 
from certain glands called salivary glands. 

It is the fluid which moistens the mucous membrane 
of the mouth, and which is mixed with the food during 
mastication in order to make it more easily capable of 
being swallowed. It has the chemical property of 
transforming starch into sugar, and its admixture with 
the food is necessary 
to the proper diges- 
tion of the latter in 
subsequent stages of 
the digestive process. 

There are three 
pairs of salivary 
glands; the parotid^ 
the submaxillary^ and 
the sublingual. The 
parotid glands are the 
largest, and lie, one 
on each side, in front 
of the ear and behind 
the lower jaw. The 
saliva from this gland 
flows through a duct 
about two inches 
long and about the size of a goose quill. This duct 
crosses the cheek and opens' into the mouth opposite 
the second upper molar tooth. 

The submaxillary glands are near the angles of the 
lower jaw-bone and immediately below it. Their 
ducts open on the floor of the mouth. 

The sublingual glands are the smallest of the salivary 
glands. They lie beneath the mucous membrane of the 




Pie. 94.— Thib Mouth Cavitt and thus Sal- 
ivary Qlanos. 
A, Parotid grlanda. B, Submaxillary glands. 
C, Sublingual glands. D, D, D» Salivary ducto. 
T, Tongue. L, Lips. 
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floor of the mouth. They have from ten to twenty ducts, 
most of which open directly on the floor of the mouth. 
206. The Saliva. — When the pure saliva which is 
secreted by the salivary glands is poured through the 
salivary ducts into the mouth it becomes mixed with a 
certain amount of mucus^ a fluid 
secreted by small mucous glands 
in the mucous membrane of the 
mouth. The mixed saliva is a 
cloudy liquid, slightly alkaline in 
its reaction. 

Saliva is being formed and 
poured into the mouth at all times, 
"'iSJ^pll^S^SSSB' but much more rapidly during the 
acts of mastication. The mere 
sight of agreeable food excites the glands to increased 
action and causes the mouth **to water." Extreme 
nervousness or fright has the opposite effect and causes 
temporary suppression of the salivary secretion. In 
India a peculiar form of trial knownas the **rice ordeal" 
was formerly practiced which was based upon this 
physiological fact. The accused person was given a 
handful of parched rice to eat. If he was guilty, his 
fear of detection would probably cause a suppression 
of the salivary fluid, the rice would remain unmoist- 
ened in his mouth, and he would be unable to swallow 
it; on the other hand if he was innocent, his clear 
conscience would generally prevent uneasiness, and no 
such result would follow. 

The kind of food has also an influence upon the secre- 
tion and flow of saliva. If the food is dry or hard, or 
otherwise difficult to masticate, the saliva is secreted 
more rapidly than when it is soft, moist, and easily 
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chewed. A noted French physiologist, M. Lanceraux, 
has found that the use of alcoholic drinks produces a 
softening of the salivary glands, together with other 
changes in the tissue composing them. This, of 
course, causes alterations in the saliva itself, and 
accounts for the dryness of the mouth so common 
among persons addicted to the use of alcohol. 

The average total amount of saliva secreted in a day 
by a healthy adult has been estimated to be nearly 
three pounds, about half of which is secreted in the 
intervals between meals. 

207. The chewing of tobacco or of chewing gum 
causes an increased flow of saliva and induces a habit 
of spitting. 

Give reasons why this habit is injurious to the 
salivary glands. 

Why are persons who drink beer, ale, whisky, or 
other alcoholic beverages so often afflicted with a dry- 
ness of the throat? 

Give one reason why they are troubled with morbid 
thirst 

One of the most dangerous effects of alcohol is the 
creation of a thirst or appetite for more and more 
liquor of the same sort. The person who once acquires 
the alcoholic habit finds it difficult to resist the tempta- 
tion to continue drinking more and more. Each glass 
produces a desire for another, and finally the person 
becomes a slave to this unnatural appetite. It is in 
this way that the alcohol habit is acquired and men 
become drunkards. 

208. Practical Review. — What is the first action to 
which the food is subjected in the process of digestion? 

Why is mastication necessary? 
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What kinds of food require but little. mastication? 

What is the chief material in the composition of the 
teeth? Which wears away the more easily, dentine or 
enamel? Why? 

What is the cause of toothache? 

What change should we need to make in our food if 
our teeth were all incisors? What change if all were 
molars? 

What animal has molar teeth only? 

Which of the teeth do you suppose are the hardest to 
extract? Why? 

Give two reasons why every person should take good 
care of his teeth. 

What are the organs of mastication? 

Why may the tongue be called an organ of digestion? 

If water is taken into the mouth to moisten the food 
does it have the same effect as saliva? Why? 

What is the number of salivary glands? 

Might not the mucous glands in the walls of the 
mouth also be called salivary glands? 

What is the cause of the mouth watering? 

What are the advantages of chewing the food well? 

Why does great fright or anxiety sometimes cause 
one's mouth to become dry? 

209. Word Study. — ^What do you learn from a study 
of the following derivations? 

Parotid, from Greek para^ near, and otos^ the ear ; 

Molar, from Latin mola^ a mill; 

Bicuspid, from Latin bis^ two, and cuspis^ a point ; 

Canine, from Latin canus^ a dog; 

Incisors, from Latin incidere^ to cut into. 

The prefix '*sub" means under. What is the mean- 
ing of submaxillary; of sublingfual? 
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XXII.— THE THROAT. 

210. Deglntition. — ^After mastication, the next step 
in the process of digestion is deglutition. Deglutition 
is swallowing, or the act by which the food is forced 
from the mouth into the stomach. This involves the 
passage of the masticated food back into the irregular 
chamber called the pharynx and also the process of 
conducting it into and through the esophagus^ or gullet, 

211. The Pharynx may be compared to a small hall, 
or court, in the interior of a house ; for into it open no 
fewer than six distinct passages, communicating sever- 
ally with the nose, the ears, the stomach, the mouth, 
and the lungs. It lies behind the nose and the mouth, 
and is directly in front of the five upper vertebrae of 
the spinal column. It is four or five inches in length, 
being widest at the side farthest from the mouth. Its 
walls are composed of three coats, or layers. The out- 
side coat is composed of layers of muscles, three pairs 
of which are arranged circularly, while two pairs 
extend in a lengthwise direction. The inside coat is of 
mucous membrane and is continuous with the inside 
lining of the mouth. Between the muscular coat and 
the mucous coat, there is an intermediate coat of 
fibrous membrane. 

212. When the food has been masticated and moist- 
ened with saliva, the muscles of the mouth and cheeks, 
aided by the tongue, collect it into a bolus on the 
surface of the tongue. Then by a peculiar motion of 
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the tongue it is carried backward and pressed into the 
pharynx. The circularly arranged muscles of the 
pharynx then contract, one after another, and with the 
aid of the longitudinal layers force it onward into the 
esophagus. 

213. But why does not this muscular contraction 
force the food also into the other larger passages — the 
nose passage and the upper part of the windpipe, 
through which the air passes on its way to the lungs? 
Why does not the food lose its way and obstruct one 
or both of these breathing passages? To provide 
against such an accident each of these passages is 
closed during the act of deglutition by a peculiar 
valvular structure. We have already noticed the soft 
palate and uvula which together form a sort of partition 
between the mouth and the pharynx (§ 199). Now, 
when the bolus is drawn backward, these are elevated 
into such a position that they temporarily close the 
opening into the nose, thus forming a kind of valve. 
Sudden laughter at this particular time may cause the 
soft palate to relax, and then a portion of the food is 
sometimes forced into the nose. The other opening 
— ^that into the upper part of the windpipe — is closed 
by a leaf -shaped valve called the epiglottis^ which allows 
nothing to pass through except the air on its way to 
or from the lungs. 

The two smaller tubes which communicate with the 
ears are so constructed as to prevent the entrance of 
any portion of the food. The esophagus, however, 
presents no obstruction, and into it the bolus, as we 
have already seen, is forced by the contraction of the 
muscular coat of the pharynx. 

214. The Esophagus opens from the lower and 
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posterior part of the pharynx. It is a muscular tube 
about nine inches long, lying close behind the wind- 
pipe and passing through the chest and the muscular 
diaphragm, and opening at its lower extremity into 
the stomach. It also has three coats; a muscular layer 
on the outside ; a mucous layer on the inside, and a 
submucous or areolar coat between these two. The 
muscular coat consists of two layers, an inner, which 
is composed of transverse fibers, and an outer, made 
up of longitudinal fibers. 

When the food is pushed into the esophagus 
from the phar)mx it passes beyond the control of 
the will, and the remainder of the operation of 
deglutition is entirely involuntary. The muscular 
fibers of the esophagus, contracting from above 
downward, force the food through that passage and 
into the stomach ; and thus the act of swallowing is 
completed. 

215. The Use of Tobacco is one of the most common 
causes of diseases of the mouth and throat. We have 
already noticed how alcohol injures the salivary secre- 
tions, produces a dr3mess of the throat, and occasions 
an unnatural and unquenchable thirst. Tobacco also 
causes a morbid thirst, and in this way frequently 
leads those who use it to indulge in alcoholic drinks. 
Very often the continued habit of smoking produces a 
troublesome disease called smoker's sore throaty which 
can be cured only after the use of tobacco has been 
discontinued. This disease sometimes extends beyond 
the throat, and by affecting the ears produces deafness. 
A still more dreadful disease, which can be traced to 
the same cause, is tobacco cancer ^ which usually affects 
the lips, mouth, or throat. This disease, which is 
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practically incurable, attacks smokers and other invet- 
erate users of tobacco. 

216. The Use of Alcoholic Liquors, besides injuring 
the salivary glands, causes various disorders of the 
mouth and throat. The delicate mucous lining of 
these passages is irritated by contact with the liquid. 
This irritation if continued may at length cause 
catarrhal inflammation. Dr. Mackenzie, a leading 
authority on diseases of the throat, asserts that the 
worst cases of chronic catarrh of the throat are gener- 
ally the result of strong drink. The mouth of a person 
addicted to the alcohol habit is generally pasty and 
foul, the tongue is somewhat swollen and its upper 
surface is covered with a yellowish, furry coating. In 
confirmed drunkards the tongue is usually diminished 
in size, it is sometimes red, sometimes pale, and is 
often smooth from the shrinkage or absorption of the 
delicate papillae (§204). 

Why is alcohol so harmful to the mucous lining of 
the mouth, tongue, and throat? Its nature is such that 
it invariably deranges the natural action of all the 
tissues with which it comes in contact. It interferes 
with the growth, the breaking down, and the removal 
of the cells composing these tissues (§14). If pure 
alcohol is brought into contact with a fresh wound it 
produces a painful, smarting sensation; if it is held in 
the mouth for a short time it causes at first a burning 
sensation and then a partial loss of feeling, showing 
its benumbing influence upon the tissues. It is not 
hard to understand, therefore, that when the delicate 
mucous membrane of the throat is repeatedly exposed 
to contact with this destructive agent, it becomes at first 
initated, then inflamed, and finally seriously diseased. 
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XXIII.— THE STOMACH. 

217. The Stomach is the principal organ of diges- 
tion. It is the most dilated part of the alimentary 
canal, and is placed transversely across the upper part 
of the abdominal cavity immediately below the 
diaphragm. It is of a peculiar and irregular shape, its 
large end being toward the left side of the body. It is 
from twelve to fifteen inches in length and about four 




Fig. 96.— Ths Stomach. 
Outside view, showing the directions of the muscular fibers. 

inches in width at its widest part. Its capacity is 
usually about five pints. When empty it is flattened 
and its walls lie in contact with each other. 

218. Orifices. — The opening from the esophagus is at 
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the greater or cardiac end of the stomach — that is, 
toward its left-hand extremity. But this opening lacks 
two or three inches of being exactly at the end. It is 
called the cardiac orifice. At the opposite and much 
smaller end of the stomach there is another opening 
called the pyloric orifice or the pylorus^ which leads into 
the small intestine. From the convex border or 
greater curvature of the stomach there hangs a fold 
of peritoneum called the omentum^ which covers the 
other abdominal organs like an apron. 

219. But what is peritoneum? It is a tough serous 
membrane which lines the abdominal cavity and is 
reflected upon the viscera or contents of the abdomen. 




Fio. 97.— Section of thk Btomaoh, showing the Interior. 

From this fact the abdominal cavity is sometimes 
called the peritoneal cavity. 

220. Coats. — The wall of the stomach has four coats : 
a serous, or peritoneal, a muscular, an areolar, and a 
mucous. The serous coat is a process of the peri- 
toneum, and consists of fibers of white, inelastic tissue 
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mingled with elastic fibers. The surface of this tissue, 
as of the entire peritoneum, is very smooth and thus 
facilitates the free movements among each other, of 
the organs in contact with it and which the peritoneum 
invests. The muscular coat^ which lies directly beneath 
the serous, consists of three layers of fibers, a longitu- 
dinal, a circular, and an oblique. 

The areolar coat or layer consists of areolar tissue, 
and lies between the muscular and mucous layers. 

The mucous layer or inner coat consists of a soft, 
thick, velvety membrane of a pinkish color, large 
enough to line the interior of the 
stomach when it is fully distended. 
When the stomach is empty, this 
membrane lies in numerous folds 
called rugcB, 

221. In the mucous coat of the 
stomach there are numerous minute 
depressions, or pits, varying from 
1-200 to i-iooof an inch in diameter. 
The surface of it is covered with a 
layer of epithelium. The mucous 
coat is thickest near the pyloric end, ^^^ ^^^ ^^^^^^ 
where it is about i - 1 2 of an inch thick. SaS" ^""^'^ *''^*'^^ "***' 
In the sides and bottoms of the 
pits in this membrane the microscope discovers 
innumerable rounded orifices which are the mouths of 
minute secreting glands of the class called racemose. 
These glands are found throughout the stomach 
except at the pyloric end, and are known by the 
special name gastric glands. They secrete a fluid 
called the gastric Juice, and are active only during the 
process of digestion. The gastric juice is the digestive 
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fluid of the stomach. It is acid in reaction, and its 
active principle is pepsin, 

222. Digestion in the Stomach. — ^We have already 
traced the food from the mouth cavity to the lower end 
of the esophagus, where it enters, through the cardiac 
orifice, into the stomach. Let us now see what 
becomes of it in the stomach. 

In times of rest, that is when no food is present, the 
mucous membrane of the stomach is of a pale red 
color. But let food be introduced and a change at 
once takes place. The membrane becomes charged 
with blood, and consequently turns to a deep red 
color. Drops of gastric juice begin to appear at 
various points, and these soon increase in number and 
size until the fluid is poured out in streams into the 
interior of the stomach. A regular series of contrac- 
tions and relaxations begins now to take place in the 
muscular coat of the stomach, and a kind of churning 
movement is produced, first from left to right, then 
from right to left. This movement leads to a thorough 
admixture of the food with the gastric juice. From 
the time the food enters the cardiac orifice until it is 
discharged through the pylorus, this action continues. 
This process is a very gradual one. The contractions 
are slow, requiring from one to three minutes for each 
complete movement. When the food has been in part 
liquefied by the chemical action of the gastric juice, 
and the remainder reduced to a semi-liquid mass, 
the muscular contractions of the stomach force the 
remaining food out through the pyloric opening into 
the small intestine. The food has now become a gray- 
ish, liquid mass, and it is called chyme. 

Action of the Oastric Juice. — What is the 
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g^astric juice, and what is the nature of the change 
which it causes to take place in the food? 

It is a thin, clear fluid of yellow or amber tint, and 
it always has a strongly acid reaction. It contains 
various chemical compounds in small proportions; but 
its most important constituent is an organic principle 
called pepsin^ which substance is peculiar to gastric 
juice and gives to it its digestive properties. 

Gastric juice contains still another principle which 
gives it its acid reaction, and which is necessary to its 
proper digestive action. This is supposed to be 
hydrochloric acid. 

224. The gastric juice does not act upon all parts 
of the food in the same way, and so there is nearly 
always more or less food which passes through the 
stomach without being digested. Animal food is more 
digestible than vegetable food, and albuminous portions 
of meat are readily digested in the stomach ; the fatty 
portions, however, are not digested there but sent to 
the small intestine. Bread, potatoes, and pastry are 
digested partly in the stomach and partly in the small 
intestine. The starch in the food is not digested by 
the gastric juice ; but we have already learned that 
the saliva converts a part of it into sugar before it 
leaves the stomach. All albuminous substances are 
readily acted upon and digested in the stomach. The 
gastric juice will entirely dissolve the coagulated white 
o^ ^ZZ' -^.s a general rule substances are said to be 
easily digested if they are acted upon readily by the 
gastric juice and are required to be but a short time 
within the stomach. 

225. The Pyloric Orifice is so constructed as to 
prevent the food from being passed out of the stomach 
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too rapidly or too soon. Around this orifice is a thick 
circular ring of muscular tissue, covered by mucous 
membrane. As the stomach digestion becomes com- 
pleted, this muscular tissue relaxes and gradually per- 
mits the undigested portion of the food, as well as the 
chyme, to pass through the pylorus into the small 
intestine, where another step in the vTo^u^i diges- 
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pepsin, the active principle of gastric juice. In a 
somewhat similar way alcohol acts on the gastric juice 
in the stomach. The pepsin is rendered powerless, 
and the remaining part of the gastric juice cannot 
digest the food. If the quantity of alcohol taken into 
the stomach is considerable, the process of digestion 
must stop until it has been removed. Frequently the 
presence of alcohol in the stomach becomes so offensive 
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that nature removes it from the system by producing 
a fit of vomiting. Of all the causes of indigestion the 
drinking of wine, beer, or other alcoholic liquors is one 
of the most prominent. 

One of the peculiar physical qualities of alcohol is 
that when placed in contact with the surface of certain 
of the animal tissues it is quickly absorbed by them. 
To a limited extent it may be absorbed by the unbroken 
skin; but the mucous lining of the alimentary canal 
takes it up very readily, and it is b)'' way of the veins 
and other minute vessels of this membrane that alcohol 
is generally conveyed into the blood and thence into 
the various structures of the human system. The 
greater part of the alcohol that is taken into the 
stomach is thus absorbed by the walls of that organ, 
and very little of it passes through the pyloric orifice 
into the small intestine. Its effects upon the stomach 
are such as to produce various diseases. The lining 
membrane being subjected to repeated irritation, it 
becomes pei:manently congested, and thus sour 
stomach, heartburn, nausea, and vomiting often 
occur. The mucous membrane frequently becomes 
diseased. Red or bluish patches appear in the part 
next to the cardiac orifice ; the veins which permeate 
the membrane are swollen to an unnatural size ; and the 
interior surface of the stomach becomes covered with a 
thick, ropy, ill-smelling mucus. 

If the use of alcohol is continued, other changes 
take place. The appetite fails. Food becomes dis- 
tasteful. There is an uneasy craving in the region of 
the stomach. From this the individual seeks relief by 
drinking more liquor, which only aggravates the dis- 
tressing symptoms. 
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227. The TTse of Tobacco is another common cause of 
indigestion. The habit of spitting, so universal among 
tobacco users, causes a great waste of saliva. The 
consequence is that not enough saliva is mixed with 
the food, and digestion is made difficult. Tobacco users 
are apt to have coated tongues, foul breaths, and as 
already stated, dry mouths and throats. These are all 
symptoms of a disordered condition of the digestive 
organs. 
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XXIV.— INTESTINAL DIGESTION. 

The Small Intestine. — The intestinal canal, 

which forms the last division of the great alimentary 
canal, is composed of two parts, 
the small intestine, and the 
large intestine. 

The small intestine is a 
cylindrical tube which reaches 
from the pyloric orifice to the 
commencement of the large 

intestine. It is about twenty feet in length. There are 

no distinct lines of separation 

upon the small intestine, but it 

is usually described as being 

composed of three portions — the 

duodenum^ the Jejunum^ and the 

ileum. These three portions 

of the small intestine differ 

slightly, one from another, both j,,^ ioo-small portion of 

in structure and in functions. SS^w^i?piiTo5™'Si™S 
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about two fifths of the 



229. The duodenum is the portion which extends 
for about nine inches from the pylorus. This por- 
tion of the small intestine is wider than the pyloric 
end of the stomach and also much wider than the 
jejunum. 

The jejunum comprises 
remainder of the small in- 
testine, and the ileum the 
remaining three fifths. 

The walls of the small in- 
testine, like those of the 
stomach, consist of four 
coats — a serous, a mus- 
cular, an areolar, and a mu- 
cous. 

The serous coat is derived 
from and is a continuation 
of the peritoneum (§219). 
The muscular coat consists 
of two layers of muscular 

fibers, one circular, the other longitudinal. The 
areolar coat lies between the mucous and the mus- 
cular coats. It is permeated by minute blood vessels, 
small branches of which pass into the mucous mem- 
brane. 

The mucous membrane, or interior coat, is soft and 
highly vascular — that is, it contains numerous blood 
vessels and lymphatics. The inner surface of this 
coat is thrown into many transverse folds, which, as 
would be supposed, greatly increase the interior 
surface of the intestine, and therefore present a much 
more extensive surface for the digestion of the chyme. 
These folds are larger and more numerous in the 




Fio. 101.— Section or Villi of Small 

INTBBTIMB. 

A, Villi. B, SecreUng ghuKls. C. 
Moflcular layer. D. Lacteal. S, Artery. 



Digitized by VjOOQIC 



I50 



HUMAN PHYSIOLOGY AND HYGIENE. 



duodenum, where most of the process of intestinal 
digestion is carried on. 

280. The Villi. — A further examination of the mu- 
cous membrane brings to view numerous small 
projecting processes, called villi. The villi are 
packed closely together throughout almost the entire 
length of the intestinal canal. They vary in length 

from 1-48 to 1-24 of an 
inch, and are of differ- 
ent shapes, some being 
cylindrical, some fili- 
form, some conical, and 
others club - shaped. 
Each villus is invested 
by a cap of epithelium, 
which consists of co- 
lumnar cells, compactly 
^'Si^fitere! arranged side by side. 
281. In the center 
of each villus, one or 
perhaps two minute lac- 
teals^ or chyle vessels^ 
are situated. The lacteals begin by dilated extremities 
near the apex of the villus, and extend to the sub- 
mucous coat, where they become continuous with 
larger branches which finally connect with the main 
lymphatic vessels of the lymphatic system. In the 
sub-mucous, or areolar coat of the duodenum, are small 
glands which resemble the mucous and salivary glands, 
and open by minute ducts upon the inner surface of 
the mucous membrane. These are called the gla?ids 
of Bru7mer, from the name of the person who first 
described them. Throughout the small intestine are 
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tubular glands called the follicles of Lieberkuhn. 
They consist of minute tubes closely packed together 
in the intestinal mucous membrane. They are very 
numerous, and secrete a fluid called the intestinal juice^ 
which is of great importance in the digestive process. 
232. The Liver. — Connected with the small intestine 
are the liver and the pancreas, large glands which se- 
crete other fluids necessary to the digestive process. 
The liver is the largest gland in the body, weighing 
from three to four pounds. It is situated immediately 
below the diaphragm, and upon the right side of the 
body. Its chief function appears to be the secretion of 




bile, but it performs the further office of effecting 
important changes in the blood which passes through it. 
The color of a healthy liver is dark reddish-brown. 
It is composed of secreting cells and a network of 
nerves and blood vessels, all bound together by con- 
nective tissue, and the whole organ, or gland, is 
enveloped in peritoneum. 
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Fio. 104.— Transvbrsb Sbctiov of a 

IiOBULB. 



Lobules. — The liver, to the naked eye, appears 
to be marked out into a number of small areas called 
lobules. These lobules are of irregular forms, and vary 
in size from 1-20 to i-io of an inch in diameter. Each 
lobule is itself a liver in miniature. It consists of 
hepatic cells, a network of small blood vessels, bile 

ducts, and other minute 
structures. It is sepa- 
rated from the sur- 
rounding lobules by 
larger ducts and blood 
vessels and a thin strat- 
um of connective tissue. 
234. Lobes and Ves- 
sels of the Liver. — The 
under surface of the 
liver is traversed by five fissures, which divide the 
organ into five parts, called lobes ^ each being composed 
of a great many lobules. The lobes differ widely 
from one another both in shape and size. 

There are five sets of vessels con- 
nected with the liver; these are the 
hepatic artery^ the portal vein^ the 
hepatic vein^ the hepatic duct^ and the 
lymphatics. 

285. Bile, the secretion of which is 
the liver's chief function, is a some- 
what viscid fluid of a golden-brown 
color, and having a faintly alkaline re- 
action. 

236. The secretion of bile by the 
liver is going on constantly, and when there is no food 
in the small intestine to be digested, it is stored up in the 




Fig. 105. 

a.— Gall bladder, 
b.— Hepatic duct, 
c— Common bileduc^ 
d.— Duodenum. 
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gall bladder^ a small, pear-shaped sac on the under sur- 
face of the right lobe of the liver. From the neck of the 
gall bladder there issues a duct which, after a course 
of about i)^ inches, unites with the hepatic duct, and 
forms the common bile duct. The gall bladder is about 
three inches in length, and has a capacity of about one 
ounce. The common bile duct, as we have already 
noticed, opens into the duodenum, and the bile passing 
through it is there emptied into the small intestine. 
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Fig. 106.— Rblativb Position of thb Intsbmai. Obgans. 



The Pancreas. — The pancreas is a glandular 
organ lying along the convex border of the stomach 
and close to the posterior wall of the abdominal cavity. 
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Its length is about seven inches; its greatest width 
about an inch and a half; and its thickness about 
three quarters of an inch. A duct about one eighth of 
an inch in diameter extends along the body of this 
gland and unites with the common bile duct, not far 
from where it enters the duodenum. Sometimes there 
is a second and smaller duct which opens directly into 
the duodenum about an inch above the main duct. 

238. In its structure, the pancreas bears a strong 
resemblance to the parotid and submaxillary glands, 
and on account of this similarity was formerly known 
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Pio. 107.— Thb Pamcbeas. 
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as the ** abdominal salivary gland.** It secretes a clear, 
watery, alkaline fluid called the pancreatic juice ^ which 
is of great importance in the process of intestinal 
digestion. 

289. Diseases of the Liver. — The liver is subject to 
many disorders and diseases, most of which are the 
direct results of errors in diet or general hygiene. 
Excessive heat, intemperate eating or drinking, lack of 
proper exercise, malaria, and indulgence in alcoholic 
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liquors are the most frequent causes of disease of this 
organ. Any disorder of the liver seriously interferes 
with the general health. A diseased liver cannot 
rightly perform its functions, and consequently the 
life processes dependent upon it are arrested or re- 
tarded. 

240. How Alcohol Affects the Liver.— When alcohol 
is absorbed from the stomach a large portion of it 
finds its way into the portal vein which carries blood 
to the liver. Next to the stomach, therefore, the liver 
is more directly exposed to the action of this poison 
than any other of the internal organs. Many serious 
disorders which sometimes affect the entire system are 
the results of this cause. Of these, congestion of 
the liver is one of the most common. Sometimes a 
deposit of fibrous tissue is the result, the fibrous tissue 
taking the place of the liver substance and causing that 
organ to become small and shriveled, hardened, and 
covered with small elevations, which give it the 
name of * * hob-nailed liver. * ' This affection is attended 
with much distress, often interfering with the liver's 
natural functions to such an extent as to end in death. 
Another disease caused by alcohol is fatty degeneration 
of the liver. Fat globules accumulate in the lobules 
and liver cells, causing the latter to become broken up 
and useless, and interfering to a greater or less degree 
with the proper secretion of bile. This is followed by 
imperfect digestion and other disorders, some of which 
are of the gravest character. 

241. The effects of alcohol upon the stomach and 
liver become apparent in the parts immediately con- 
nected with them. The peritoneum becomes loaded 
with a useless accumulation of fat, and a rotundity of the 
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body is produced which is sometimes mistaken for evi- 
dence of health. This is very common among beer 
drinkers. The pancreas frequently becomes enlarged 
and .softened; occasionally it is shriveled, its surface 
becomes uneven, and its color is changed to a brown 
or a deep yellow tint. Of course these changed condi- 
tions of this important organ must affect to a greater 
or less degree the quality of the fluid which it secretes, 
thus interfering with the digestive process in the small 
intestine, and impairing the health of the whole bod5^ 

242. What is this Digestive Process in the Small In- 
testine? — We hasre learned that after the food has been 
partially digested in the stomach it passes through the 
pyloric orifice into the small intestine. It is then a 
thick, creamy mass called chyme and is ready to 
undergo the further changes which are necessary 
before it is prepared for absorption into the circulatory 
system. 

While the food is still in the stomach, the pancreas 
and the small glands in the mucous coat of the small 
intestine are excited to increased action. The liver, 
in the interval since the last meal, has secreted a 
quantity of bile which is now stored up in the gall 
bladder awaiting the time of use. And so, as soon as 
the chyme begins to pass from the stomach into the 
duodenum, the orifice of the bile duct relaxes and there 
is a flow into the small intestine of both bile and pan- 
creatic juice. The intestinal juice from the small 
glands of the intestine is also mixed with the chyme. 
These various secretions, having an alkaline reaction, 
soon neutralize the acid qualities which the chyme has 
heretofore possessed, and cause it to be changed into a 
white, opaque, milky fluid. This fluid is called chyle. 
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It is the result of many distinct processes, and is com- 
posed of many and various ingredients. 

243. The Chyle. — ^We have traced the course of the 
food and its changes, from its entrance into the mouth 
until it finally becomes chyle in the small intestine. 
It must be remembered, however, that not all that 
passes into this latter chamber is food. A considerable 
portion of it consists of the various secretions that have 
been poured into the alimentary canal during the 
process of digestion. Indeed, the aggregate weight of 
these secretions usually far exceeds that of the food 
itself. 

244. There are certain portions of the food, too, 
that never reach the small intestine and hence are 
never changed into chyle. These consist for the most 
part of liquids and of such substances as are the most 
easily acted upon by the gastric juice and are there- 
fore completely digested in the stomach. 

If they never reach the small intestine, what, then, 
does become of them? Do alcoholic liquors which 
have been taken into the stomach form any part of the 
chyle? What becomes of the alcohol before it reaches 
the small intestine (§ 226)? 

The rugae or folds of the inner coat of the stomach 
are studded not only with gastric glands but with blood 
vessels that become charged with blood during the 
process of digestion. Those portions of the food just 
alluded to, and also certain other portions which are 
easiest and soonest digested, are, by a peculiar process, 
not fully understood, absorbed or taken up by these 
minute vessels and mixed with the blood in the veins. 
This is known as stomach absorption (§ 259). 

245. There are still other portions of the food which 
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do not become a part of the chyle. What are they? 
They consist of such substances as, for any reason 
whatever, have not been digested in the stomach and 
cannot be digested in the intestines. There is nearly 
always some indigestible matter in the food ; often, too, 
on account of some defective action during the digestive 

process, matter 
which would oth- 
erwise be readily 
converted into 
chyle remains par- 
tially unchanged. 
Such substances 
are unfit to aid in 
the nourishment 
of the body and 
are therefore car- 
ried onward into 
the large intestine 
and finally e x - 
pelled from the 
body. 

246. The Large 
Intestine. — Prop- 
erly speaking, the 
large intestine is 
an excretory organ 
— and yet it per- 
forms important 
functions as one 
of the digestive 
organs. It is much shorter than the small intestine, 
its length being about five feet ; it is also much larger, 




Fig. 108.— Stomach and Intistinss. 
a, cardiac orifice; b, greater curvature; c, pylorus; 
d, duodenum; k. Jejunum; J, ileum; h, caecum; 
i, appendix vermiformis; e, f, g, colon; 1, rectum. 
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its diameter when distended being about two and one 
half inches. Like the small intestine it is composed of 
three parts with no very distinct line of separation 
between them. These three parts are the ccecuniy which 
forms the dilated beginning of the intestine; the 
colon ^ which is the longest of the three parts; and the 
rectum^ which may be regarded as the terminal seg- 
ment of the alimentary canal. 

The caecum lies below the ileum, or third division of 
the small intestine. The ileum does not open into its 
end, as might be supposed, but into the side of the 
large intestine at the junction of the caecum and 
colon. Below this point the caecum forms a cul 
de sac, the lower end being closed, but the upper 
opening freely into and being a continuation of the 
colon. 

247. Attached to, and opening on the inner and 
posterior wall of the caecum is a slender, hollow 
prolongation, about the size of a goose quill and from 
three to six inches in length. This peculiar formation 
is called the appendix vermiformis (Fig. 108). It 
belongs to that class of structures called useless 
tissues, for so far as can be discovered, it performs no 
useful function whatever. It is, however, sometimes 
susceptible to inflammation, and when so affected it 
becomes the seat of the painful and dangerous disease 
called appendicitis. In many cases the prompt removal 
of the appendix vermiformis from the body is the only 
means of cure. 

248. The large intestine lies in the abdominal cavity 
in the form of an arch, the middle or transverse por- 
tion of the colon being the upper part. The caecum 
forms its right pillar, and the rectum its left. The 
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caecum and colon are not, like the small intestine, a 
cylindriform tube; but they are composed of three 
rows oisacculi^ or irregular dilatations, divided from one 
another by muscular bands running lengthwise with 
the intestine. The sacculi in each row are separated 
by muscular tissue similar to that which forms these 
bands. 

249. The coats of the large intestine are four, se- 
rous, muscular, areolar, and mucous. But the serous 
coat only partially invests the rectum, and disappears 
entirely in the lower part of that division. Through- 
out most of the length of the large intestine the 
mucous membrane which forms the inner coat is cov- 
ered by a layer of columnar epithelium. Here are 
numerous secreting glands set somewhat closely 
together and separated by a kind of retiform or net-like 
tissue. Numerous blood vessels also penetrate this 
coat and ramify upon its surface. 

260. Although it is in the small intestine that the 
digestion may be said to be completed, and although 
it is there that the chyle attains its proper consistency 
and composition, yet it really remains for the large 
intestine to perform what may be called the finishing 
touches in the digestive process. Some of the food, 
no doubt, which was only partially changed in the 
other divisions of the alimentary canal, is here com- 
pletely digested and absorbed by the vessels which 
ramify through and upon the mucous coat. Chyle 
which has failed to be absorbed during the long 
passage through the small intestine is here taken up ; 
and the indigestible substances which were mixed with 
the food are pushed onward into the rectum and finally 
excreted. 



Digitized by VjOOQIC 



REVIEW. l6l 



XXV.— A REVIEW OP DIGESTION. 

261. The Secretions that Aid in Digestion. — Now let 

us see if you can name the different secretions which 
become mixed with the food during its digestion. 

First, the greater part of the food that is taken into 
the mouth and masticated is mixed with the secre- 
tion from the parotid, the submaxillary, and the 
sublingual glands. What is it? 

Second, the food is also mixed with the secretion 
of the small glands situated in the mucous membrane 
of the mouth. What is it? 

Third, it is mixed with the secretion from the 
gastric glands. What is it? This secretion contains, 
as will be remembered, the active principle of stomach 
digestion. What is it called? 

Fourth, a secretion from the liver is poured into 
the duodenum to become mixed with the chyme. 
What is it? 

Fifth, a similar secretion from the pancreas is also 
poured into the duodenum. What is it? 

Sixth, the secretion from the glands in the small 
intestine performs its part in converting chyme into 
chyle. What is it called? 

Make a list of all these secretions. 

252. The Changes that Take Place.— But the food, 
besides being mixed with these various secretions, has 
at different stages of the digestive process, under- 
gone many important changes, both mechanical and 
chemical. Describe them, beginning with mastication. 
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The albuminous portions of the food have been quite 
fully digested in the stomach. 

In the duodenum the oils and fats have been broken 
up into a fine emulsion ; the conversion of starch into 
sugar, which process was begun by the saliva, has been 
completed by the pancreatic juice; cane sugar which 
passes into the duodenum is here changed into grape 
sugar. 

Is starch soluble in water? Why is sugar more 
easily absorbed than starch would be? 

What is an emulsion? 

Why must the oils and fats be emulsified? 

263. The Organs of Digestion and their Parts. — Name 
in their order, from above downward, the parts of the 
alimentary canal. 

Name in their order the various glands connected 
with the alimentary canal. 

Name the secretion formed by each of these glands, 
and describe its functions. 

How many coats have the walls of each division of 
the alimentary canal? Name each coat and describe 
its structure. 

What is there peculiar about the inner coat of the 
stomach; the inner coat of the small intestine? 

What are the two openings into the stomach called? 
Where are they situated? Which division of the 
alimentary canal is the longest? 

What is in salivation? What is mastication? What 
change takes place in the food by mastication? What is 
the number of the teeth? What are the different parts 
of the tooth called? What is in the interior of the tooth ? 

What are carnivorous animals? What is peculiar 
about the teeth of grain-eating animals? 
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What part does the tongue perform in digestion? 

What organs are connected with the act of degluti- 
tion? Why does not food pass into the trachea; 
into the nose passages? 

How long does food remain in the stomach? 

What muscle lies between the stomach and the 
chest cavity? 

What is the digestive fluid of the stomach? Where 
is it secreted? 

What digestive fluids act in the small intestine? 
Where is each of them secreted? 

Describe the liver. Describe the pancreas. 

Why is it necessary that food should be digested? 

Why are some persons afflicted with indigestion? 



XXVI.— ABSORPTION. 

264. What Becomes of the Eood after its Digestion. 

— We have learned how, after undergoing a variety of 
processes, both mechanical and chemical, the food is 
finally digested, or reduced to a fluid state, in which 
condition, being mixed with the digestive fluids, it is 
called chyle (§ 242). Were it to remain in this condi- 
tion, merely passing through the alimentary canal, it 
could perform no useful purpose and would be wholly 
valueless as a supporter of life. The process of diges- 
tion is only an act of preparation by which the food 
becomes fitted to perform the office for which it is 
intended — that of nourishing and renewing the vital 
tissues. In order now that it may properly perform 
this function and supply nutriment to the entire 
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system, it is evident that it must be removed from the 
alimentary canal and some portion of it carried to every 
part of the body howsoever remote and howsoever 
minute it may be. 

256. But how shall it be carried? The blood which 
flows to and through every tissue will carry it. The 
food must become an ingredient of the blood and 
remain so until it is used in the construction of new 
cells to replace those which have died and been 
removed, or to increase the bulk and strength of cer- 
tain bodily structures. The process by which the 
nutritive food is transferred from the alimentary canal 
to the blood vessels is called absorption, 

266. So long as the food was in a solid state its 
absorption was impossible; but being digested or 
reduced to a liquid form, the process is easy. Some 
ingredients of the food are in a fluid state when they 
enter the alimentary canal; some are digested and 
converted into fluids at quite an early stage in the 
stomach. Except in the case of those which require 
some further chemical or physical changes, it is 
unnecessary that such ingredients shall pass onward 
into the intestines before being absorbed. They are 
therefore transferred directly from the stomach to the 
blood vessels. 

267. Stomach Absorption. — The mucous, or interior 
coat, of the stomach, like that of the intestines, is 
penetrated by a network of minute veins and capil- 
laries which lie so close to one another that the 
entire surface seems covered with them. While diges- 
tion is going on, these vessels are so charged with blood 
that the inner surface of the membrane, which before 
was a pinkish color, now becomes a deep red. Only a 
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thin partition, consisting mainly of the delicate wall 
of the blood vessel, intervenes between the fluid food 
and the liquid blood. How shall the fluid food pass 
through this partition and become an ingredient of the 
blood? 

258. We shall understand this better if we first 
perform a few simple experiments. 

Experiment /. — ^Tie a piece of bladder over one of 
the open ends of a glass tube. Pour into the tube a 
solution of sugar, filling it to the depth of two or three 
inches. Now suspend the tube, the upper end being 
left open, in a vessel of water, and observe what will 
take place. The liquid in the tube will soon begin to 
rise, being increased by the water passing through the 
membranous bladder tissue. 

Experiment 2. — Pill a bladder with water and sus- 
pend it in a vessel containing a solution of sugar. A 
part of the water will pass through the bladder and 
increase the bulk of the solution. Try similar experi- 
ments with other fluids of diflEerent densities, and 
observe the result. 

Experiment 3, — ^Take two saline solutions differing 
in strength and composition, and let them be separated 
by the wall of a bladder or by some other animal 
membrane. Both fluids will pass through the mem- 
brane, flowing in different directions, but one will pass 
more rapidly than the other. 

269. This passing of fluids through animal mem- 
branes to become mixed or diffused with one another 
is called osmosis. If the passing is from without 
inward, it is called endosmosis\ if it is in the opposite 
direction it is called exosmosis. 

It is by the curious process of endosmosis that a 
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portion of the fluid foods is absorbed directly from the 
stomach into the blood vessels. It is by the same 
process that the chyle, composed of the digested food 
in partial solution with the fluids which have assisted 
in its digestion, is transferred from the intestines into 
the circulation. 

But not all of the chyle is absorbed directly into the 
blood vessels in the inner coat of the intestines. A 
^ considerable portion of it is con- 

veyed into the circulation by a 
different route. 

260. The Lacteals. — In each of the 
small processes, or villi, of the 
mucous membrane of the intestines, 
there are very small vessels called 
the lacteal or chyle vessels. These 
vessels are minute cylindrical tubes, 
in size and appearance 
not greatly unlike small 
veins. They are parts of 
a system of cir- 
culatory V e s - 
sels called the 
lymph vascular 
system, of which we 
shall presently learn 
some interesting facts. 
These lacteal vessels, 
besides entering into 
^ the structure of the 

villi, ramify and extend in all directions through the 
submucous tissue of the intestines, forming a net- 
work like that formed by the myriads of delicate 
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concerned in the 
Process of Ab- 
sorption. 
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blood vessels in the mucous coat of the stomach. Many 
of the smaller vessels composing this network unite 
to form larger vessels, and these in their turn come 
together into still larger lacteals which pass through 
the outer or muscular coat of the intestines to the pos- 
terior wall of the abdomen. 

261. The Thoracic Duct. — Beginning near the upper 
part of the abdominal cavity and ascending just in 
front of the spinal column, is a large duct, or cylin- 
drical tube, about the size of a goose quill, called the 
thoracic duct. (See Fig. 130. ) This duct is 15 to 18 inches 
long; it runs up to the root of the neck, and then, curv- 
ing downward on the left side, empties into a large vein 
called the left subclavian vein. Its walls are composed 
of three coats, and it is provided with valves so arranged 
as to allow the fluids which pass through it to flow 
only in one direction, that is, upwards toward the 
subclavian vein. 

262. Intestinal Absorption. — Now, the larger lacteal 
vessels, passing, as we have seen, to the posterior wall 
of the abdomen, communicate with and end in this 
thoracic duct. Let us see how these various vessels 
aid in the process of absorption. As the chyle in the 
intestine comes in contact with the villi, the greater 
part of it is absorbed directly by the minute blood 
vessels in them, just as a portion of the liquid food is 
absorbed by similar blood vessels in the mucous coat 

•of the stomach. But a considerable part of the milk- 
like chyle passes by endosmosis into the lacteals which 
also ramify through the villi and mucous tissue. 
These carry the white fluid into the larger lacteals, 
and they convey it onward to the thoracic duct. Dur- 
ing the time that this process is going on, and until 
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the contents of the small intestine have disappeared, 
the lacteals have a white appearance, due to the chyle 
with which they are charged. This is why they are 
called lacteals, from the name vasa lac tea (milk vessels), 
given to them by their discoverer, Gasparo Aselli, in 
1622. In the intervals between meals they are not 
white, but contain and carry a colorless lymph and do 
not diflEer greatly from other vessels belonging to the 
lymph-vascular system (§ 321). 

263. Just which of the foods are absorbed directly 
into the blood vessels, and which through the lacteals, 
has not yet been satisfactorily determined ; but there 
seems to be little doubt that sugars pass mainly into 
the blood vessels, and fats into the lacteals. Certain 
fluids, and some of the more easily digested foods, as 
has already been said, never reach the intestine, but 
are absorbed directly from the stomach into the blood 
vessels. It is thus that many medicines when taken 
into the stomach are almost instantly transferred into 
the circulation and carried into all parts of the system. 
It is thus that alcoholic liquors and other poisons find 
immediate access to the blood and more readily per- 
form their deadly work (§ 226). 

264. But we have not yet followed the lacteal- 
carried chyle to its final destination. We have seen 
how the smaller vessels carry it to the larger, and how 
the larger convey it to the thoracic duct. Being 
emptied into the thoracic duct, it is there combined, 
in greater or less proportion, with a colorless liquid 
called lymph, which other vessels of the lymph-vascular 
system have poured into the same channel (§ 323). 
The mixture of chyle and lymph now passes upward 
through the thoracic duct and is finally transferred into 
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the blood-vascular system by being poured into the 
left subclavian vein. 

266. Beview. — Here, now, let us suppose, is a 
mouthful of food — ^let us trace its course from the time 
that it passes the lips until it becomes an ingredient of 
the blood. 

It is masticated by the ; moistened by the ; 

passed back into the by the ; pressed by 

the into the upper part of the ; swallowed, 

that is forced down the by the action of the 

muscles; passes through the orifice into the ; 

is subjected by the stomach to a peculiar motion ; 

and is thoroughly mixed with . Some of the 

more easily digested parts are here absorbed into the 

; but the greater part passes through the 

orifice into the . The food is mixed 

here with , , and . 

The digestive process being finished, the food and 

digestive fluids compose a substance, called 

. The larger portion of the is absorbed 

directly into the . But a part is taken up by 

the which ramify through the . 

The minute vessels carry it to the ; and it 

is conveyed to the , where it is mixed with 

a called . The mixture flows upward through 

the , and is poured into the , where 

it becomes an ingredient of the venous blood, with which 
it flows onward to the heart. 

Those portions which were absorbed by the more 
direct route, that is, through the walls of the veins in 
the stomach and intestine, are by more devious ways 
at last conveyed to the same point. The whole of the 
nutritive digested food is thus transferred into the 
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blood-vascular system. Let us leave it as it passes 
through the subclavian vein, and learn what the blood- 
vascular system is. 



XXVII.— THE BLOOD-VASCULAR SYSTEM. 



Oeneral View of the Vascular System. — The 

human body is traversed by a complex network of 
tubes, or pipes, called vessels. Some of these vessels 
are nearly an inch in diameter, others are too small to 
be seen with the naked eye, while others are of all 
sizes between these two extremes. In very many 
parts of the body they are so numerous and lie so close 
together that it is impossible to insert the finest needle 
point without striking one or more of them. These 
vessels are connected with and dependent upon the 
heart, and with it form what is called the vascular 
system (Latin, vasculum^ a small vessel). 

There are two classes of vessels, those which carry 
blood and those which carry lymph. 

The heart and blood vessels constitute the Hood- 
vascular system; the lymph vessels constitute the 
lymph-vascular system. 

267. The Blood-Vascular System. — The movement of 
the blood in the blood-vascular system is called the 
circulation, and the system itself is generally known 
as the circulatory system. The organ and vessels which 
comprise it are called the circulatory apparatus, or 
circulatory organs.* 

*"The vascular system is a hydraulic apparatus, possessing a 
pump, pipes, and valves. The heart is the pump, which works, 
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Fig. 110.— General Plan of the Heart and Large Blood Vessels. 
H, Heart. A, Aorta. B, Descending vena cava. C, Ascending vena cava. D, 
Carotid artery. E, Jugular vein. S, Subclavian artery and vein. I, Iliac arteries 
and veins. K, K, Kidneys. 
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The circulatory apparatus consists of a central organ, 
the heart, and distributory organs known generally as 
the blood vessels. 

During life there is a continuous flow of blood from 
the heart, through certain of the blood vessels, to the 
different parts of the body, and through other blood 
vessels back to the heart. The blood, as it thus circu- 
lates, carries nourishment to the tissues, restores 
broken-down cells, and removes wom^ out matters 
which are of no further use in the body. 

268. A Setrospeot. — Now let us look again at the 
course of the chyle which we left just as it entered the 
circulatory system (§ 265). With how many and what 
liquids has the digested food which comprises a part 
of the chyle been mixed or combined? 

In what part of the alimentary canal is the chyle 
produced? Of what does it consist? How does it find 
its way into the lacteals? To what part of the body is 
chyle carried by the thoracic duct? Into what is it 
emptied? 

When the chyle is emptied into the left subclavian 
vein it immediately becomes mixed or combined with 
the blood already contained in that vein. 

It flows rapidly onward and passes into a much 
larger vein, the descending vena cava^ by which it is 
carried to the central organ of the circulatory system. 
Let us learn something about the structure and action 
of this important organ. 



not by the movements of a piston, but by the contraction of its 
muscular walls ; the vessels are the pipes which convey the con- 
tained fluid and they are provided in certain localities with valves 
for modifying the flow." 
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Description. 

pear-shaped organ, 
or chest. It 
lies between the 
two lungs, and 
slightly towards 
the left side. 
Its weight in the 
adult is about 
ten ounces, and 
it is about the 
size of one's 
clenched fist, or 
five inches in 
length by about 
three and a half 
in breadth. 

It is a hollow 
organ, and is 
held in position 
by large blood 
vessels attached 
to its base and 
also to the back 
part of the tho- 
racic cavity. The 
apex being below. 



— The heart is a strong, muscular, 
situated within the thoracic cavity. 




Pig. 111.- 
1.— Right ventricle. 
2.— Left ventricle. 
8.— Right auricle. 
4 —Left auricle. 
5.— Aorta. 



-Tbhb Hbabt. 

6.— Pulmonary artery. 

7, 8, 9.— Branches of the aorta. 
10.— Superior vena cava. 
11.— Pulmonary veins. 



base of the heart lies uppermost, its 
The base, being held firmly in posi- 
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tion, is immovable ; the apex, or point, however, is 
freely movable, and with each beat of the heart it is 
moved forward and strikes gently against the front wall 
of the thorax. Many persons can distinctly feel this 
striking by placing their hand upon the left side over 
the heart. 

270. The Pericardium. — The heart is loosely envel- 
oped by a strong, fibrous, membranous sac, called the 
pericardium. It moves freely within this covering, and 
to prevent any friction or rubbing between the wall of 
the heart and the surface of the pericardium, there 
exists in the pericardial sac a small amount of clear 
fluid which acts as a lubricator. This fluid is called 
the pericardial fluid. Sometimes the pericardium 
becomes inflamed and this fluid is much diminished in 
quantity; in such a case the action of the heart is 
attended with pain and distress, due to the friction 
which then results. 

271. Walls of the Heart. — We have elsewhere 
spoken of the heart as a muscular organ. It is 
made up almost entirely of muscular tissue. What 
peculiarity distinguishes the fibers of this tissue? Are 
they striped or non-striped? Are they voluntary or 
involuntary? 

The muscular walls of the heart are exceedingly 
strong ; and its alternate contraction and relaxation is 
attended with considerable force. The contraction of 
the heart is attended with much the same kind of 
shortening and hardening as is seen in the muscles of 
other parts of the body. 

272. Cavities of the Heart.— We have said that the 
heart is a hollow organ. Nevertheless its interior is 
not a single chamber, as one might infer, but is made 
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up of four distinct chambers or cavities. First, by a 
muscular partition, the interior of the organ is divided 
into two halves or cavities, a right and a left, called 
respectively the right heart and the left heart. Each of 
these two cham- 
bers is also divided M w^ 
into two parts, an 
upper and a lower 
cavity. The two 
upper cavities are 
called auricles — a 
right and a left 
— a nd the two 
lower ones are 
called ventricles — 
also a right and a 
left. The walls 
of the ventricles 
are quite thick and 
are very strong, 
while those of the 
auricles are much 
thinner and not 
nearly so strong. 

It is into the 
right auricle that 
the large vein — 
the descending 
vena cava — conveys its constantly flowing current of 
blood mixed at times with the nutritious chyle which has 
been absorbed in various ways from the digestive pas- 
sages. 

273. The Valves of the Heart.— From the right auricle 
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Fio. 112.— Cavitiks of the Hbabt. 
b.— Right aurlde. c— Right ventricle, 

i.— Left auricle. g.— Left ventricle, 

k.— Right auriculo-ventrlcular opening, 
p.— Left auriculo-ventrlcular opening, 
a, a.— Venae cavse. d, d.— Pulmonic arteries, 
e, e.— Pulmonic veins, 
h, h, h.— Arteries. Branches from the aorta. 
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the blood flows through an opening called the auriculo- 
ventricular orifice into the right ventricle. This open- 
ing is guarded by folds of membrane which allow the 
blood to flow freely in one direction but effectually 
prevent it from returning. They thus act precisely 
as valves and are called, from the shape of the 
membranes composing them, tricuspid valves. Were 
it not for these valves, the blood in the ventricle 
g I would, at every con- 

M /^ traction of the heart, 

^J ^^# ^^ forced backward 

tmrn^ m .^^ ^^^^ ^^ auricle, and 

from the auricle into 
the veins, and circu- 
lation would be im- 
possible. 

Opening from the 
right ventricle, there 
is a large blood vessel 
called the pulmonic 
artery^ which is also 
supplied with valves. 
These pulmonic 
valves are so con- 
structed as to permit the blood to flow out from the 
heart, but not in the contrary direction. Hence, at 
each contraction of the right ventricle the blood is 
forced from it, to be conveyed by the pulmonic artery 
to the lungs, where it undergoes certain changes of 
which we shall learn more at a later time. 

Returning from the lungs through certain veins, 
called the pulmonic veins, the blood is again poured into 
the heart, but this time into the left auricle. Between 




Fio. 113.— Valvks ofonb Side or thb Heabt. 
The blood flowing from the auricle into the 
ventricle. 
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the left auricle and the left ventricle there are valves 
— called mitral valves^ from their resemblance to a 
bishop's miter — which act in the same manner as the 
valves in the right side of the heart. They permit the 
blood to flow freely into the ventricle, but effectually 
prevent its return. Issuing from the left ventricle is 
a large and strong blood vessel — the largest artery in the 
body — called the aorta. At its entrance are the aortic 
valves^ very similar in 
construction and func- 
tion to the pulmonic 
valves on the opposite 
side of the heart. At 
each contraction of the 
ventricles the blood is 
forced through these 
valves into the great 
artery, the aorta, which, 
dividing and subdivid- 
ing into innumerable 
other arteries, carries 
the life-sustaining fluid 
to every tissue in the 
body. 

274. Disorders of the Heart. — Disorders of the heart 
are in a great majority of cases caused by some indis- 
cretion which could have been prevented. Severe 
physical exertion by one not accustomed to it has very 
injurious effects upon the heart, and should be care- 
fully guarded against. On the other hand, insufficient 
muscular exercise tends to make the heart feeble. 
Judicibus and systematic physical exercise is the best 
promoter of strength because it promotes the healthy 




Fig. 114.— Valvks of omb Sidk of the Hkabt. 



Tbe blood flowing from the ventricle into 
the blood vesselB. 
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action of the heart. Extreme heat and cold affect the 
heart's action, heat stimulating it, cold depressing it. 
It is therefore important that the body be properly 
clothed according to the season or the circumstances. 
Fits of anger, sudden fright, nervous shock, all have 
an injurious effect upon the action of the heart. One's 
emotions should be kept as much as possible under 
control, and excesses of all kinds should be avoided. 

275. How Alcohol Affects the Structure of the Heart. 
— The use of alcoholic drinks often changes the struc- 
ture of the walls of the heart, producing what is known 
as fibroid degeneration. In such cases the heart 
becomes larger, paler, and of a firmer consistency than 
in its normal condition. Masses of new fibrous tissue 
begin to be developed in and around the muscular 
fibers, and gradually to crowd them out. The walls of 
the heart become weakened and the heart's action 
is enfeebled. In the end, sudden death is likely to 
occur. 



and a hacking cough ensues. The memory is impaired, 
and the person becomes incapable of any active mental 
or physical effort. If the use of alcohol is continued, 
the deposit of fatty particles may be increased until the 
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heart loses its power and life ceases. Not only are the 
walls of the heart injuriously affected by the use of alco- 
holic drinks, but the valves also often become diseased. 

276. Practical Eeview. — Which part of the heart is 
the larger, the upper or the lower? 

What are the chambers on the right side of the heart 
called; on the left? What are the two upper chambers 
called; the two lower? 

Is there any opening between the right and the left 
side of the 
heart? How 
are the two 
sides sepa- 
rated? How 
does the 
blood from 
the left side 
finally reach 
the right 
side? How 
many valves 
has the heart? 

What are the vessels called which empty the blood 
into the auricles? What are the vessels called which 
receive the blood from the ventricles? 

How many openings are there into the heart? How 
many openings are there from it? 

To what part or parts of the body is the blood sent 
when it is expelled from the left ventricle? 

Which ventricle sends the blood farthest? Which, 
then, is required to exert the greater force? For this 
reason the walls of the left ventricle are much thicker 
and stronger than those of the right. 




Fio. 115.— Valves of the Hbabt. 
The auricles and blood vessels are cut off close to the valves. 
A.— Tricuspid valve. C.— Aortic valve. 



B.— Mitral valve. 



D.— Pulmonic valve. 
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Why are there no valves at the orifices where the 
veins open into the auricles? 

Into what is the blood driven by the contraction of 
the auricles? Into what is it driven by the contraction 
of the ventricles? Which necessarily exerts the greater 
force, an auricle or its corresponding ventricle ? 
Which requires the stronger walls? 

277. Action of the Heart. — ^The capacity of the heart 
is about six ounces, and with each contraction this 
amount of blood is sent into the blood vessels. During 
each interval between the heart beats the same amount 
must, of course, be poured by the veins into the auri* 
cles. As a general rule the heart contracts and then 
relaxes about seventy-two times in each minute. 

How many pounds of blood, upon the above calcula- 
tion, pass through the heart in the course of a minute? 

The weight of the blood in a healthy adult is equal 
to about one eighth that of his entire body. What is 
the amount of blood in a healthy person whose weight 
is 1 60 pounds? 

Supposing that all the blood moves with the same 
rapidity, how much blood will pass through the heart 
in a day of 24 hours? How often within that time will 
all the blood in the body have made a complete circu- 
lation? 

278. Sounds of the Heart. — Simultaneously with 
every contraction of the heart the auriculo-ventricular 
valves are closed and the pulmonic and aortic valves 
are opened. Simultaneously with every relaxation the 
pulmonic and aortic valves are closed, and the auriculo- 
ventricular valves are opened. By placing one's ear 
against the chest of another person near the region of 
the heart peculiar sounds may be heard occurring with 
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great regularity. These sounds are caused chiefly by 
the closing first of one set of valves, then of the other. 
By observing the nature of these sounds a physician is 
frequently enabled to determine important facts rela- 
tive to the action of the patient's heart and the condi- 
tion, not only of the valves, but of the entire organ 
itself. 

279. The Pnlie. — It has been stated that with each 
contraction of the heart a certain quantity of blood is 
forced into the aorta to be carried by the arteries to 
the various tissues of the body. Now this sudden 
accession of blood by the arteries causes a slight 
momentary expansion of their walls, and with each 
heart-beat there is a gentle throbbing of these vessels 
throughout their entire length. Place the end of your 
right middle finger upon your left wrist just above the 
ball of the thumb. What do you observe? 

Count the number of times your pulse beats in a 
minute. With every contraction of the heart, this 
artery in the wrist expands suddenly and produces a 
pulse beat. How many times does your heart beat in 
a minute? 

The pulse may be felt in other parts of the body 
wherever an artery of considerable size lies near the 
surface. It may sometimes be seen in the throbbing 
of one of the great blood vessels on the side of the 
neck. But, since most of the large arteries lie deeply 
imbedded among the muscles, there is no other place 
in which this can be so conveniently observed as in the 
wrist. 

280. As a general rule, the heart of a child beats 
more rapidly than that of an older person; the heart of 
a girl beats faster than that of a boy of the same age ; 
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and the heart of a woman pulsates oftener in a given 
time than that of a man. In times of much mental or 
physical excitement, and also in some diseases, espe- 
cially those which are accompanied by fever, the heart- 
beats increase in rapidity. Active exercise induces a 
greater flow of the blood, and a consequent quickening 
of the heart's action. Sedentary and inactive habits, 
if long continued, are likely to induce a somewhat 
sluggish disposition on the part of the controlling organ 
of the vascular system, and the circulation is conse- 
quently retarded. Certain diseases lead to the same 
result. Exercise, properly taken, has a tendency to 
regulate and strengthen the heart's action. See what 
is said on this subject in Chapter LIV. of this volume. 

Js the action of the heart in any manner under the 
control of the will? Review what is said of the heart 
as a muscle (§ loo). 

281. Nerves of the Heart. — The heart, like other 
muscles of the body, derives from the nervous system 
the stimulus which causes it to act. Within the sub- 
stance of the heart muscle are several ganglia or 
masses of nerve tissue called the cardiac ganglia^ which 
act upon the heart in two different ways, producing 
really two kinds or sets of nerves, and the influence of 
each is exactly the opposite of the other. 

One set is called the accelerators of the heart, 
the other the depressors of the heart. The former acts 
as a driver, urging the muscles to increased action and 
tending to cause it to contract more and more rapidly ; 
the latter acts as a restrainer, and serves to regulate 
the heart-beats and to hold the muscle in check. When 
both accelerators and depressors act together in a 
normal and healthy way, the antagonism between them 
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causes the heart to beat just rapidly enough and just 
strong enough to promote the healthy action of every 
part of the circulatory system. But, suppose the 
depressors lose their power, then the accelerators act 
without restraint, the rapidity of the heart-beats 
becomes much increased, and the heart is said to **run 
away with itself. ' * The use of alcoholic liquors, and 
even the use of tobacco, sometimes leads to this result. 
On the other hand, suppose the accelerators lose their 
power, then the depressors exert their retarding 
influence, and the action of the heart becomes labored 
and slower. Besides the nervous influence excited by 
the cardiac ganglia there are also two nerves from 
without its own substance which act upon it. These 
nerves are called the sympathetic and the pneumo- 
gastric. The former is connected with the accelerator 
ganglia, the latter with the depressor ganglia. It is 
through these nerves that external nervous influences, 
such as sudden emotions, act upon the heart. 

282. How Tobacco Injures the Heart. — ^The use of 
tobacco frequently produces injurious effects upon the 
heart. Like alcohol it sometimes acts upon the nerves 
so as to derange its movements. Persons who 
are habitual users of this narcotic poison are often 
afflicted with what is known as ** tobacco heart." In 
such cases the heart's action is irregular and usually 
feeble ; very slight influences cause it to beat rapidly, 
and even moderate exercise produces for the moment 
contractions so forcible as to be a source of much dis- 
comfort. The distressing symptom called palpitation 
of the heart is frequently caused by tobacco. 

283. Causes of the Heart's Action. — No other muscle 
is so susceptible to irritation as the heart. It is sup- 
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posed that the mere filling of the auricles with blood 
from the veins acts through the nerves as a stimulus 
to cause the upper part of the heart to contract, send- 
ing the fluid quickly into the ventricles, where its 
presence causes an immediate and stronger contraction. 
The auricle, being relieved of its blood, relaxes, only 
to be quickly filled again — and thus the process is 
repeated quite regularly every moment of life. But, 
suppose that a large blood vessel is injured so as 
seriously to retard the flow of the fluid into the heart, 
or so as to allow a large part of the blood to escape 
from the circulation, then the chambers of the heart 
can no longer be filled by its stimulating current, the 
heart-beats become more feeble and irregular and soon 
entirely cease. A puncture or cutting of the heart 
itself produces the same result. The destruction of 
the nerve centers does likewise. 

284. Eeview. — ^Why is the blood-vascular system 
so called ? By what other name is it often called? 
Why? 

What is the central organ of the vascular system? Is 
it a blood vessel? To what familiar mechanical device 
may it be likened in its action? Why? 

Of what use is the pericardium? 

What would be the result if the heart muscle could 
be controlled by the will? What other muscles besides 
the heart are involuntary? How does the heart differ 
in structure from other involuntary muscles? 

How many openings are there into the heart, and 
where are they? How many openings are th.^rQ from 
the heart, and where are they? 

What are the vessels called which bring blood to tte 
heart? What are those called which carry it away? 
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Why are the walls of the ventricles stronger than 
those of the auricles? 

When the heart contracts, at which part does the 
contraction begin? Why? Which part contracts with 
the greater force? Why? 

How does the blood in the right side of the heart 
finally reach the left side? 



XXIX.— THE BLOOD. 

285. We have already, in these chapters, made fre- 
quent mention of the blood. What is it? Is it thinner 
or thicker than water? What is its color? What other 
peculiarities are noticeable in its properties or appear- 
ance? 

The blood is the most abundant fluid in the body. It 
is also the most important, for upon it all the processes 
of nutrition are dependent, and without it life could 
not be maintained even for the briefest period. It will 
be interesting to learn something about its appearance, 
composition, and properties. 

286. Appearance of the Blood. — When examined in 
very thin layers, the blood appears to be transparent ; 
but, as usually observed, it is opaque and differs in 
color according to its degree of purity and the blood 
vessels in which it is found. In the arteries of chil- 
dren it is of a light vermilion tint; in the arteries of 
adults it is cherry red, bordering upon purple. In the 
veins of both children and adults it is a dark bluish 
red, sometimes of a blackish tint. It has a peculiar 
odor, somewhat like that of the perspiration. 

287. Composition of the Blood. — ^Although a fluid, the 
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blood consists of two different parts or elements, one 
liquid, the other solid. The liquid part of the blood is 
QB\\eA plasma^ the solid parts are the blood corpuscles^ 
or blood globules. The plasma is almost cDlorless and 
is composed largely of water. The blood corpuscles, 
which are held by suspension in the plasma, are too 
small to be seen except with a microscope. The mix- 
ture of the blood corpuscles with the plasma is purely 
mechanical, like the mixture of sand or of mustard 
seeds with water. 

Since everything, whether solid or liquid, that enters 
into the composition of the tissues must be carried to 
its destination by the blood, it follows that pure blood 
contains a very large number of chemical elements and 
compounds. 

Of a given quantity of such blood, nearly four fifths 
of the weight is water, while the remaining one fifth 
consists of solid matters. The solid matters, as already 
stated, are contained chiefly in the blood globules or 
corpuscles ; but there are solids which exist in a state 
of solution in the plasma. Among the latter rs 
plasmine^ which, although comprising an extremely 
minute proportion of the blood, yet performs a very 
important function (§ 289). 

Iron is found in the corpuscles, where it is united 
with hcemaglobine^ the coloring matter which im- 
parts to the blood its redness. It is probably the 
most important of the metals contained in the body. 
Physiologists have also discovered minute quantities of 
copper, manganese, and lead, either in the corpuscles 
or in the plasma, or in both. Other substances are 
chlorine, sodium, oxygen, sulphuric acid, phosphoric 
acid, potassium, and the phosphates of lime and 
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magnesia. In certain persons and in certain condi- 
tions of the system, the blood contains more water than 
in others. The proportion of the various solid sub- 
stances is also subject to constant variation. 

288. When alcohol is taken into the stomach, how 
does it find its way into the blood (§ 226)? How 
soon after being taken is it likely to reach the heart? 
Having found its way into the blood, alcohol is 
carried by it to all parts of the body, affecting to a 
greater or less degree all the tissues and organs. It 
has a direct influence upon the composition of the 
blood itself. In persons addicted to the use of alcoholic 
drinks the proportion of water is increased, while that 
of the plasmine is diminished. The blood of such per- 
sons also contains free fat, which gives it a pale and 
sometimes milky hue. The number of blood corpus- 
cles is diminished. 

289. Coagulation. — If blood be drawn from a vein or 
artery it very soon begins to coagulate. It loses the 
liquid condition and becomes a jelly-like substance. 

The coagulated substance gradually contracts; the 
solid matter, including the corpuscles, appears to be 
enclosed in a delicate network, and the liquid part of 
the blood is literally squeezed out between the meshes. 
This solid part is called the clot; the liquid part is 
called the serum of the blood. The serum differs in 
some important ways from the plasma. 

What causes this coagulation or clotting of the 
blood? The plasmine, which existed in solution in 
all parts of the plasma, decomposes, when exposed to 
the air, and produces fibrin. This solidifies into a net- 
work so delicate that it holds the corpuscles or blood 
globules within its meshes, while the liquid matters 
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are squeezed out and escape. If, by any means, 
the plasmine be removed from the blood immediately 
upon its withdrawal from the circulation, true coagu- 
lation does not take place; but even in that case many 
of the minute corpuscles will sometimes adhere to one 
another, forming a clotty mass which somewhat resem- 
bles coagulation. A low temperature retards but does 
not prevent coagulation; a temperature of 150 deg. F. 
causes the blood to remain liquid. Coagulation takes 
place the most readily when the blood has about the 
same degree of heat which it had in the body. 

This coagulation or clotting of the blood is of great 
importance, for its occurrence in the case of wounded 
blood vessels assists greatly in stopping the hemor- 
rhage. Were it not for this peculiar property of the 
blood, the cutting of the smallest blood vessel might 
induce a flow of blood which could not be checked. 

Why are persons who use alcoholic liquors more 
likel)'^ to bleed to death from wounds than persons who 
never indulge in alcohol? 

290. Formation of the Blood. — Since the blood in the 
blood- vascular system is constantly giving up certain 
of its elements to be used in the repair and nutrition o^ 
the tissues, it follows that new blood must constantly 
be formed to take the place of that which has thus been 
transformed into other substances. Much of the blood, 
as you will have already surmised, is formed from 
chyle, or from the chyle in combination with the 
lymph. According to some physiologists no less than 
twenty-eight pounds of lymph and chyle are poured 
into the blood-vascular system daily, about one fourth 
of the amount being chyle. Just how much of this is 
converted into arterial blood, and how much is elimi- 
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nated from the system or changed into other fluids, 
no one has been able to determine. 

Experiments with the lower animals have shown 
that blood is constantly being formed, even when no 
food is present in the system and there is no chyle. 
Blood has been taken from a dog in such quantities 
that the removal at that time of one or two ounces 
more would have destroyed the creature's life; but it 
was found the next day, although in the meanwhile 
the dog was not fed, that ten or twelve ounces could be 
removed without fatal effects. This is thought to 
prove that a portion of blood is formed independently 
of the food — that is, from the elements composing the 
body itself, or from those derived from the air that is 
breathed. 

291. Tranafasion. — In cases of abundant hemorrhage 
caused by accident or otherwise the supply of blood is 
sometimes so reduced that it is no longer capable of 
supporting life. Fatal results at such times have often 
been prevented by injecting into the blood vessels of 
the patient a small quantity of pure blood drawn from 
the vessels of a healthy and vigorous person. This 
process is called transfusion of blood. 

292. The Blood Corpusclee. — Much the greater part 
of the solid matters of the blood consists of corpuscles, 
and the number of these minute globules is incompre- 
hensible. They are of two kinds, the red corpuscles^ or 
disks, and the ivhite corpuscles. The red are by far the 
more numerous, there being several hundred of them 
where there is but one of the white variety. They are 
found in the blood of all vertebrate animals, being of 
a different shape in each species. By the aid of a 
microscope powerful enough to distinguish the form of 
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Fie. 116.— BSD BliOOD Oorpusolks. 
Highly magaiflecL 



the red corpuscles it is therefore always possible to 
distinguish htunan blood from any other. 

In man the red corpuscles are flattened circu- 
lar discs, slightly concave 
on both sides. They are so 
small that it would require 
3,500 of them, placed side 
by side, to extend one inch ; 
and if they could be laid 
one on top of another, it 
would take 140,000 to make 
a pile one inch high. But 
while this indicates the av- 
erage size of the discs, it is 
worthy of note that they are 
not all of the same size, even in the same individual. 
They exist suspended in the plasma so close together 
that in a cube of healthy blood measuring one twenty- 
fifth of an inch, 
there are no 
fewer than four 
or five millions 
of them. How 
great, then, 
must be the en- 
tire number in 
the human 
body! They are 
so pliable and 
elastic that they can pass through blood vessels having 
a diameter smaller than their own. 

If a solution of alcohol is dropped into a vessel con- 
taining pure blood freshly drawn from the arteries, a 




Fio. 117. 



a.— Blood corpuscles of a frog, 
b.— Human blood corpuscles. 

Both are equally magnified. 
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change at once takes place in the blood. An examina- 
tion through the microscope shows that contact with 
the liquor has caused the red blood corpuscles to shrink 
and become smaller. A similar result is no doubt pro- 
duced upon the blood in the arteries when alcohol is 
taken into the circulation. 

294. The White Blood Corpuidet, besides being 
found in the blood, occur also in the lymph and the 
chyle. Although not so numerous as the red, they are 
much larger. They are globular 
in shape, and are almost uniform 
in size. In some forms of disease 
they multiply until they seem to 
be almost as numerous as the red 
corpuscles. In their structure 
they resemble minute cells, having 
a distinct nucleus but probably no fio. us^^^^whim BiiOOD 

Ck>BPU80I<BS. 

cell wall. What is a cell? The as they M>pear when 

^ ^ ^ . 4 magnified. 

red corpuscles, having no nucleus, 
differ very materially in structure from the white. 
296. The white corpuscles have several curious 
properties. They are able to protrude upon their 
surfaces delicate rounded processes which are capable 
of changing shape and are finally withdrawn again 
into the globular outline of the corpuscle. Physiolo- 
gists have discovered that the white corpuscles are 
also able to pass through the walls of the blood vessels 
into the surrounding tissue. These wandering corpus- 
cles are believed to perform an important part in many 
physiological processes. It is supposed that, among 
other functions, they exert certain influences for the 
prevention of disease, but how this is done has not yet 
been satisfactorily explained. 
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296. The functions of the red blood corpuscles are 
better understood, and they are known to be concerned 
in some of the most important processes of life, such 
as the carrying of oxygen from the lungs to the tissues. 
Of these processes we shall learn more as we continue 
our study of this subject (§ 340). It is believed by 
some that the red corpuscles are derived from the 
white ; and some physiologists have claimed that they 
are also formed in the spleen (§ 326). Besides the cor- 
puscles, there are in the blood other still more minute 
particles the nature of which has not been determined. 

297. Beview. — ^What is the most abundant fluid in 
the body? In what part of the body is the blood not 
found? Why may it be said to be the most important 
of all the fluids? How is it possible for one of the 
vital fluids to be more important than another? 

Name another fluid, besides the blood, whose exist- 
ence and presence is absolutely necessary to the 
continuance of life. 

In what veins do other elements become mixed with 
the blood? To what part of the circulatory system do 
these veins conduct the elements thus introduced? 

Why may the loss of blood in large quantities 
endanger life? Name one way in which blood may be 
removed from the system. 

If alcoholic liquor be taken into the digestive system, 
how and where is a considerable portion of it trans- 
ferred or absorbed into the blood- vascular system? 

Name one effect which it must then have upon the 
plasma of the blood. What effect does it probably 
have at the same time upon the corpuscles of the blood? 
Being carried by the blood into the heart, what is 
its effect there? 
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What is your weight? About what is the weight of 
the blood in your body? 

Of how many kinds of blood vessels have you 
learned? In what direction do the veins carry the 
blood? The arteries? 



XXX.— THE BLOOD VESSELS. 




Arteriei and Yeini. — At their junction with the 
heart the blood vessels are large cylindrical tubes ; but 
as they proceed in their course away from the great 
central organ they divide and 
subdivide into innumerable 
branches which finally become 
too minute to be seen by the 
naked eye. The arteries differ 
from the veins, not only in the 
special function which they 
perform, but -in their structure. 

299. The wall of an artery 
is very strong and consists of 
several coats or layers. The 
outermost coat is of connective 
tissue, the next is of yellow elastic tissue, the next is 
a muscular coat composed of involuntary muscular 
tissue, and internal of this is a smooth elastic mem- 
brane. Internal of the last named coat is a layer of 
endothelial cells which present a smooth surface for the 
flowing blood to pass over. 

800. The arteries are abundantly supplied with 



FlO. 119.--TKANSVKRSB! SECTION 
THBOtJOH AN ABTKBY. 

A.— Interior. 

B.— Coat of flbrooB and muscu- 
lar tissue. 
C— Internal coat. 
D.— Outer coat. Fibrous. 
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nerves which belong to the sympathetic nerve system 
and are called vaso-motor nerves. These nerves con- 
trol the size of the arteries by causing their walls 
to contract or relax, thus increasing or diminishing 
the caliber and also the carrying capacity of the vessels. 
The larger arteries are, with but few exceptions, 
so deeply imbedded among the bones and muscles 
that they, with their precious freight, are 
well protected from ordinary accidents 
and from external pressure. The circu- 
lation of the blood through the arteries 
is quite rapid, experiments having dem- 
onstrated that it moves at the rate of 
twenty inches in each second, its progress 
being the most rapid at the time of the 
contraction of the heart. 

Tell of an artery which at one point 
li^s near the surface (§ 279). 

What effect does the contraction of the 
heart have upon the walls of the arteries? 
Why is this so? 

801. The veins have the same num- 
ber of coats as the arteries, but they 
are much thinner and are neither so 
firm nor so elastic. Within the caliber 
of nearly all the veins are small folds of 
membrane which are of such a shape as to form very 
perfect valves. These valves open in such a way as to 
allow the blood to flow in only one direction. What 
direction is that? They are most numerous in the 
veins of the lower extremities, aiding in the circula- 
tion of the blood by preventing it from being held 
back by its own weight. 




Pig. 120. 

Longitudinal 

Section of a 

Vein, showing 

THE Valves. 



Digitized by VjOOQIC 






VEINS AND ARTERIES. I95 

What are the names of the two veins which empty 
their blood into the right auricle of the heart? 

One of these veins is formed by the union of the 
veins of the head and of the upper part of the body ; 
the other is formed by the union of the veins of the 
lower extremities and of the lower part of the body. 

302. When a vein is emptied of its contents, its thin 
walls collapse. But not so with an artery, for its rigid 
walls cause it to retain its original shape. And so we 
understand why the ancient an- 
atomists gave to the latter the 
name artery^ or air vessel (from 
Gr. aer^ air) ; for when, after 
death, the blood is withdrawn 

' Fio. 121.— A Portion of a 

from these vessels, air enters and ^^vitiSis,^^"^' ®"°^''® 
takes its place. As a usual thing, 

each artery in the general circulation is accompanied by 
two veins, but to this there are important exceptions. 

808. Practical Questioni. — What is the name of the 
largest artery and where does it originate? 

Why do not arteries have valves like the veins? 

Is the blood which the venae cavae empty into the 
right auricle pure blood? Why not? 

What is the color of the venous blood? 

What kind of blood is carried out of the right ven- 
tricle by the pulmonary artery? Is this blood carried 
directly across to the left chambers of the heart? What 
vessels finally convey it to those chambers? 

In what respects does the blood emptied into the 
left auricle dilBFer from that emptied into the right 
auricle? 

What kind of blood is carried out of the left ventricle 
by the aorta? 
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Do any of the arteries carry impure blood? Do any 
of the veins carry pure blood? 

804. As would naturally be supposed, alcohol has a 
decidedly harmful effect upon the blood vessels. It 
has a tendency to paralyze the vaso-motor nerves 



withstand the pressure of the blood in them and conse- 
quently burst. Fatty degeneration of the walls of the 
blood vessels often occurs, weakening them and inter- 
fering with the circulation. 



XXXI.— THE CIRCULATION. 

305. The Pulmonic Circulation. — The blood as car- 
ried by the veins to the right side of the heart is not 
in a condition to perform any useful service in the 
body. True, it contains in solution the nutritious 
elements of the food that have been absorbed from the 
digestive system ; but these elements require to be still 
further changed before they are fitted to enter into 
the composition of new cells for the sustenance or 
growth of the living tissues. Mingled also with this 
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venous blood are remnants of broken-down and useless 
cells, waste matter which has been removed from the 
tissues, and various other impurities which if allowed 
to remain in the system would act as poisons and be 
destructive to life. 

How is the blood to rid itself of many of these im- 
purities while at the same time the nutritive elements 
which it contains are prepared to perform their re- 
quired functions? These wonderful changes are effected 
in the lungs, whither 
the blood is carried by 
the pulmonic arteries. 
The pulmonic arteries, 
after they reach the 
lungs, subdivide into 
countless branches 
which ramify in the del- 
icate walls of the thou- 
sands of minute air cells 
contained in these or- 
gans of breathing. Of 
the manner in which 
the impurities are here 

eliminated from the system we shall speak further 
when we come to consider the structure of the lungs. 
Purification having been accomplished, the blood flows 
outward into minute veins, which, uniting into larger 
and still larger channels, finally form the great pul- 
monic veins. Into what do the pulmonic veins empty 
their blood (§ 273)? 

306. The blood which flows away from the lungs is 
quite different from that which flows to the lungs. 
What has it lost? It has at the same time be- 




Fio. 122.— Blood Vessbls Opkninq 

INTO THK HKABT. 
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come charged with oxygen, a life-giving element 
derived from the air and as necessary to the sustenance 
of the body as the blood itself. It still contains the 
nutritive principles derived from the food, but they are 
now in a condition to be utilized by the tissues 
wherever needed. It is no longer of a dark, bluish 

tint, but is a bright red. It 
is no longer the carrier of 
worn-out materials and poi- 
sonous impurities, but is the 
bearer of life - supporting, 
strength - giving, nutritive 
substances without which all 
vital processes would soon 
cease. These are the char- 
acteristics of the blood as it 
returns to the heart, but to 
its left side instead of its 
right. It has made the circuit 
of the lungs, and we call its 
passage through the pulmonic 
vessels the lesser^ or pulmonic circulation. (See Fig. 1 24. ) 

307. The pulmonic circulation, like the various 
stages of digestion and absorption, is a preparatory 
process. It is the culmination of the two processes 
which began with eating and breathing. It is the final 
stage in the complete adaptation of food and air to the 
support and nourishment of the living tissues. The 
processes which follow are connected with the placing 
of the prepared materials, and later with the removal 
of worn-out parts and broken-down cells. 

308. The Systemic Circulation. — What is the name of 
the largest artery? Where is its beginning? 




FlQ. 123.— COUB8IE OF THE ClBCU- 
LATION THROUGH THH HBABT. 
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At what rate does the blood move in the aorta? 
What kind of blood is it? It is called arterial blood, 
while the blood carried by the veins is called venous 
blood. 

This arterial blood coming from the left ventricle 
of the heart passes into and through the aorta and its 
branches to all parts of the body. As the aorta leaves 
the heart it rises upward towards the neck, then arches 
over and proceeds downward in front of the spinal 
column. In its course it gives off several large 
branches. Two of these branches called the carotid 
arteries pass upward, one on each side of the neck, to 
the head ; two others called the subclavian arteries go 
one to each arm ; as the aorta passes downward it gives 
off a large branch, the coeliac artery, from which 
smaller branches go to the stomach, liver, and spleen. 
The aorta then gives off two branches, the renal arter- 
ies, one of which goes to each kidney ; then the mesen- 
teric arteries to the intestines, and at last it is itself 
divided into branches called the common iliac arteries. 
These, subdividing, supply the pelvis and the lower 
limbs. As a general rule it may be said that the ar- 
teries are straight, thus taking the shortest course to 
the tissues which they supply. It is a also general 
rule that the farther an artery is away from the heart 
the smaller its caliber becomes. 

809. The arteries in their courses divide and subdi- 
vide, becoming smaller and smaller, and carrying the 
life blood into every part of the body. Finally they 
terminate in the tissues in a very close network of 
exceedingly small and delicate blood vessels which are 
called capillaries. These vessels are so small that they 
are invisible to the naked eye, and so closely do they 
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lie to one another in many of the tissues that it is 
impossible to insert the point of a needle without pene- 
trating one or more of them. The capillaries vary in 
size from 1-25000 to 1-2500 of an inch in diameter. Their 
walls consist of but a single layer of very thin, del- 
icate membrane. They exist in every tissue of the 
body except the cartilages, the nails, and the hair. 
These tissues do not receive any blood supply, but are 
nourished by nutriment absorbed from other tissues. 

One of the earliest and most persistent effects of 
alcohol is the distention of the walls of the capillaries 
in many parts of the body. This is not only apparent 
in the flushed and florid faces of those who indulge in 
alcoholic liquors, but its effects upon the circulation and 
upon the health of many of the tissues are highly 
injurious. 

810. It is while circulating through the capillaries 
that the blood performs its mysterious functions so 
necessary to the maintenance of life. It supplies to each 

tissue the particular nour- 
ishment which it requires ; it 
removes broken-down cells 
and replaces them with new 
ones; it carries away from 
the tissues the worn-out mat- 
ter and waste particles which 
are of no further use in the 

FiQ. 125.— Plexus of Small T^r•rk/***ccoc n^ 1if^ 

Blood Vbssklb. prOCesSeS OI 1116. 

811. Not only are the 
ordinary and normal processes of restoring and build- 
ing thus constantly carried on, but there appears to 
be always a reserve force in readiness for the repair- 
ing of tissues accidentally injured. If there is a 




Digitized by VjOOQIC 



ASSIMILATION. 20I 

broken bone, the tiny blood vessels immediately set to 
work to repair the fracture by depositing bony mate- 
rial and building up a bony structure to reunite the 
separated parts. If a muscle has been cut, the capilla- 
ries proceed to fill up the wound by depositing the 
necessary muscular or connective tissue in such man- 
ner as to knit the parts together again. Just how this 
is done, we cannot tell; but we know that it is done, 
and that no mistake is made in the selection of the 
proper building and nutritive materials from the blood. 

312. Assimilation. — The process by which the 
nutritious elements of the blood are thus separated 
from it and become parts of living tissues is called 
assimilation. Perfect assimilation depends much upon 
the purity of the blood which circulates in the arterial 
capillaries. The health and strength of the whole body 
depends upon this. If the food which has been eaten 
is not healthful, or if any poisonous substance, as 
alcoholic liquor, has gained access to the circulatory 
vessels, or if the process of blood purification has been 
imperfectly performed in the lungs, then assimilation 
cannot be accomplished satisfactorily, and discomfort 
and disease will result. 

313. While the blood is doing its mysterious work 
in the capillaries it never stops, but flows on in the 
same steady current as before. It loses a part of its 
oxygen (§ 306) and other nutritive elements, and 
becomes loaded with the debris of the wearing-out 
tissues. It assumes the color which is characteristic of 
venous blood (§ 285). It becomes unfit to perform any 
further useful function in the tissues. It issues from 
the capillaries, flowing onward into the minute veins 
into which they merge. 
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814. The small veins, like the capillaries and 
small arteries, form a complicated and delicate net- 
work of tubes which spreads through the tissues in 
every direction. These minute tubes unite with one 
another to form larger ones, and the larger ones unite 
to form still larger, while their course is all the time 
directed towards the heart. Finally the various 
streams of venous blood, full of the debris of broken- 
down cells and charged with poisonous and useless 
matter, unite in two strong - flowing currents, the 
venae cavae, and are poured, as we have already seen, 
into the right auricle of the heart. Since leaving the 
heart, by way of the aorta, the blood has made the 
circuit of the system ; hence we call its passage through 
the arteries, the capillaries, and the veins the systemic 
or greater circulation. (See Fig. 124.) 

816. Beview. — Trace one complete circulation of a 
definite quantity of blood, beginning at the right 
auricle and ending at the same place. Name and 
describe each set of vessels through which it flows. 

Name in their order the valves or orifices through 
which it passes. Describe the two great changes which 
it undergoes. 

What is the average length of time required for one 
complete circulation? How may the rapidity of the 
circulation be increased? Tell one way in which its 
rapidity may be diminished. 

In what class or classes of persons is the rapidity 
of the circulation greatest? 

From what you have learned about the effects of 
alcohol, give reasons why the wounds of a person 
addicted to its use are always slow to heal. 

316. The Temperature of the Blood. — During its cir- 
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culation the temperature of the blood varies somewhat 
in the different channels through which it passes. In 
the blood vessels which are situated deeply within the 
body, it may be as high as 107° F. ; in those quite 
near to the surface, the temperature is much lower. 
Its average temperature is about 98.5° F. 

Experiments. — Place the bulb of a thermometer 
imder your tongue. Let it remain for two minutes, 
then notice the temperature recorded. This shows 
about the average temperature of the blood. 

Place the bulb of the thermometer close up under 
the arm. Let it remain for some time, and then 
notice the temperature recorded. 

317. Secretions Derived from the Blood. — The various 
and complex functions which the blood performs dur- 
ing its circulation have been only partially indicated in 
the foregoing brief description of its course. The 
numerous glands, as it flows, remove from it the ele- 
ments composing the particular substance which they 
are designed to produce or secrete. From it the sali- 
vary glands derive their saliva, the mucous glands 
their mucus, the gastric glands their gastric juice, the 
pancreas its pancreatic fluid, the liver its bile. 

318. The Portal Circulation. — In its circulation 
through the liver the blood undergoes certain changes 
and probably performs certain functions which are but 
imperfectly understood. The venous blood which has 
circulated through the principal digestive organs is re- 
ceived into a large vein called the portal vein, and by it is 
conducted into the liver (Fig. 126). There the portal 
vein divides and subdivides into innumerable branches, 
forming an interlacing network of minute vessels 
throughout the organ. The hepatic artery, a branch 
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of one division of the aorta, also penetrates the liver, 
sending its branches to all parts of its lobes and 
lobules. In the capillaries of the liver the blood of 
the portal vein is mingled with the blood of the hepatic 

artery; this mingled 
blood is then col- 
lected by small veins 
which, uniting and 
reuniting, finally 
form the large trunk 
called the hepatic 
vein. By the hepatic 
vein the blood which 
has thus performed 
the circuit of the 
liver is conveyed di- 
rectly to the ascend- 
ing vena cava, whence 
it soon reaches the 
heart. 

This peculiar 
course of the blood 
through the liver is 
called the portal circulation. It is, however, by no 
means a distinct circulation, like the pulmonic, but 
only one stage of a part of the great systemic circula- 
tion. (See Fig. 124.) During its passage through the 
portal circulation, important changes take place in the 
blood and certain new substances are produced in 
the tissues of the liver. The blood loses a portion 
of its elements, and not only is bile secreted but a kind 
of animal sugar is formed in the substance of the liver. 
These, with other changes, appear to be necessary to 




Fig. 126. -Thb Portal Vbin. 
J, k, 1.— The portal vein and its branches, 
b, c— Lobes of the liver, g.— The pancreas. 



a.— Oall bladder, 
e.— Stomach. 

h, 



d.— The duodenum, 
f.— The spleen. 
-The colon. 
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the maintenance of health, and when disorders of the 
liver prevent their perfect performance, the entire sys- 
tem suffers. 

319. Excretions from the Blood. — As the blood cir- 
culates it not only supplies the glands with the 
materials which compose their various secretions, 
but it delivers to the excretory organs such matters as 
are of no value to the system and must be expelled 
from it. A very large portion of this waste is carried 
to the lungs and by them expelled during the process 
of breathing; but no inconsiderable part is excreted 
through the medium of the kidneys and of the glands of 
the skin. Of these various processes more will be said 
in a later chapter (§ 358). 

320. Practical Eeview. — What is generally under- 
stood by the circulatory system? In what respects does 
the systemic circulation differ from the pulmonic? Of 
which of these is the portal circulation a branch? 

Explain how exercise taken regularly and moder- 
ately may strengthen the heart's action and improve 
one's general health. 

Explain how alcohol, by causing a shrinkage of the 
red blood corpuscles, may retard the proper nutrition 
of the tissues. 

Explain how palpitation of the heart may frequently 
be produced by the use of alcoholic drinks (§ 281). 

Explain how, through the same cause, the walls of 
certain of the veins and arteries are made to become 
thinner and weaker, and sometimes so frail as to burst 
from the pressure of the blood within. (When this 
occurs in the brain, as is frequently the case, death is 
the immediate result, and the person is said to have 
died of apoplexy. Frequently persons who do not use 
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alcohol die of apoplexy.) Why is apoplexy more com- 
mon among drinkers than among total abstainers? 

Why are drinkers of alcoholic liquors less able to 
survive surgical operations than those who abstain 
from their use? Give one reason why drinkers are 
more liable to contract disease. 

Tobacco contains a poisonous substance called nico- 
tine. In what way does this poison affect the heart 
(§ 282)? Why does the smoking of cigarettes hinder 
the proper development of the body? Why are boys 
who acquire the habit not likely to become well- 
formed, strong, and handsome men? 



XXXII.— THE LYMPH -VASCULAR SYSTEM. 

321. The lymph - vascular system is closely con- 
nected with the blood-vascular system, and in its 
functions is tributary to it. The lymphatics^ or 
lymphatic vessels, are tubes somewhat resembling in 
structure the veins of the blood-vascular system. They 
are found in nearly all parts of the body. The mode 
of their origin has not been determined with absolute 
certainty, but it is generally agreed that they com- 
mence in the skin, by what is known as a capillary 
plexus^ which is separate from the blood capillaries. 
A lymphatic plexus is a delicate and close network of 
minute lymphatic vessels. Besides the plexus of 
origin, a second plexus, composed of larger vessels, is 
situated just beneath the skin. Just beneath the sur- 
face of the mucous membrane is also a plexus of simi- 
lar appearance and structure. The lymphatics originat- 
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ing in and composing these plexuses may be classed as 
superficial lymphatics. Lying deeper in the tissues 
are other lymphatics, much larger than the superficial. 
These receive lymph from the superficial lymphatics 
and accompany some of the deeper veins in their 
course. They contain many valves, so closely set as 
to give the vessels a peculiar beaded appearance, 
especially when they are distended 
with lymph. The small superficial 
lymphatics have no valves. 

A peculiarity of the lymphatic 
vessels is that they continue of about 
the same size throughout their 
length. They are much smaller 
than the veins, rarely being more 
than one sixth of an inch in diam- 
eter. As they pass onward toward 
the great duct by which they com- 
municate with the blood-vascular 
system they frequently anastomose 
with each other, that is, each gives 
off branches which communicate 
directly with others. 

322. As the lymphatic vessels 
proceed in their course, they pass 
through numerous rounded, glandular masses, called 
lymphatic glands^ which vary in size from that of a pea 
to that of an almond. Each gland, besides being 
filled by a network of small lymphatics, is also per- 
meated by numerous capillar}^ blood vessels. The 
functions of these glands are not fully understood, but 
it is supposed that they in some manner affect or pro- 
duce the corpuscular elements of the lymph. This 




Fig. 127. 



A.— Part of a lymphatic 
vessel laid open, with three 
pairs of valves. 

B. — Longitudinal sec- 
tion of a lymphatic vessel, 
showing the valves closed. 
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supposition is supported by the fact that, in the vessels 
which have not passed through any of these glands, the 

l)miph contains but few 
corpuscles, while in the 
large trunks which 
carry lymph that has 
passed through several 
such glands the corpus- 
cles are very numerous. 
323. Lymph. — But 
what is the lymph? It 
is the fluid which is 
carried by the lym- 
phatic vessels. In its 
composition it is very 
similar to the blood ; in- 
deed, it contains all the 
component parts of the 
blood except the red corpuscles. These parts, however, 
do not exist in the same proportions as in the blood. 




Pig. 128.— LYMPHATrc Vessels of the 
Head and Neck. 




Pig. 12».— Lymphatic Gland. 
A.— Gland. B, B.— Lymphatics. 



Lymph consists of colorless corpuscles, of plasma 
somewhat diluted with water, and of a very small pro- 
portion of solid matter; and, like the blood, it has the 
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power of coagulation. It is of a light yellowish color, 
and has an alkaline reaction. 

324. **The whole plan of lymphatic vessels and 
lymphatic glands is a system of drainage similar to 




A.— The thoracic duct. 
C— Lymphatic gland. 
E.— Large veiu. 



Fig. 130. 
B.— The receptaculum chyli. 
D.— Point where the thoracic duct empties Into the 

venous system. 



that employed in some soils, in which the water 
drained from boggy lands forms channels, which unite 
to form larger streams, still increasing in size, and 
occasionally expanding into pools, where fresh supplies 
of materials are absorbed, and at last pouring into a 
river or the open sea.'* 
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The lymphatics from the right side of the head and 
the right arm and shoulder pour their contents directly 
into the blood- vascular system at the junction of the 

right jugular vein with the right 
subclavian vein. The lymph 
from all the rest of the body, 
as well as that part of the chyle 
which has been taken up by the 
lacteals (§ 260), passes through 
the thoracic duct, and from it 
f ^^1^^^ ^^ emptied into the blood-vascu- 

V ^^1 lar system at the junction of 

the left subclavian vein with 
the left jugular vein. It is at 
these two points, therefore, that 
the lymph-vascular system con- 
nects directly with the blood- 
vascular system. 

326. The quantity of lymph 
discharged daily into the blood- 
vascular system has been va- 
riously estimated, and is 
doubtless greatly modified by 
different circumstances and 
conditions. The average 
amount in a strong man is 
thought to be somewhat less 
than one twentieth of the entire 
weight of his body. The lymph 
not only has its ending in the 
blood, but, like the other fluids 
of the body, it is doubtless pro- 
JlT\cy^^^lfTHi ahT duced from the blood. Its pas- 
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sage through its own vessels, from the time of its origin 
in the blood until it is again mingled with that liquid, 
is called the lymph-vascular or lymphatic circulation. 
As an auxiliary to the systemic circulation it performs 
an important part in the process of nutrition. 

326. The Spleen. — Lying within the abdominal 
cavity at the left side of the stomach is a peculiar 
gland called the spleen. It is about the size of the 
palm of the hand, flat and oval, and is of a purplish or 
deep red color. Its functions are not well understood, 
but it is supposed to be an adjunct of the vascular sys- 
tem and to promote in a mysterious way the formation 
of white blood corpuscles. Instances are known, how- 
ever, of its having been removed entire from animals 
without apparent injury to their general health. 

327. Eeview. — Of what does the vascular system 
consist ? In what respects does the blood-vascular 
system differ from the lymph- vascular system? 

Which of the lymphatics sometimes carry another 
substance besides the lymph ? Between what two 
systems are- these lymphatics a connecting link? 
What are they sometimes called? Why? 

Of what system is the thoracic duct a part? 

At what point in the circulatory system is the nutri- 
tious food finally converted into blood? 

Of what use is the blood? Why does a loss of blood 
diminish one's strength? 

Why do the nose and face of a person addicted to the 
use of alcohol assume a purplish hue? 

Why are drinkers of alcohol more liable than others 
to be afflicted with heart disease? 

What is the best rule to observe with reference to 
both alcohol and tobacco? 
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XXXIII.— THE LUNGS AND AIR PASSAGES. 



After the blood is expelled from the right 
auricle of the heart, to what organs is it carried? By 
what vessels is it returned to the heart? What is this 



^'^--4%^ 
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Pig. 132.— Thk Position op the Lungs ani> Hsabt in thb Chbst. 
A, B, Ci D.— Heart. 2.— Pulmonary artery. 6.— Jugular vein. 



E, F.— Lungs. 
G.— Diaphragm. 
1.— Pulmonary vein. 



3.— Aorta. 

4.— Superior vena cava. 

5.— Carotid artery. 



7.— Trachea. 
8 —Larynx. 
9.— Coronary artery. 



part of the circulation of the blood called? Let us now 
learn something more concerning this life process 
which is constantly going on in our bodies. 
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329. The Lungs. — The lungs, in which the purifica- 
tion of the blood is chiefly performed, are two conically 
shaped organs situated within the chest, one on each 
side. Together with the heart, which is between them, 
they completely fill the thoracic cavity. Each lung is 
covered over the greater part of its surface by a smooth 
serous membrane, which, 
being reflected outward at 
the root of the lung, forms 
also the interior lining of \ 
the walls of the chest.: 
This membrane, which Isn 
called the pleura^ is very 
smooth and is kept always 
moist by a serous fluid, 
which it secretes in an ex- 
actly suflicient quantity to 
prevent the friction which 
would otherwise be caused 
by the movements of the 
lungs during the process 
of breathing. The bases 
of the lungs lie along the 
upper surface of the diaphragm. Their apexes are 
at the top of the chest an<J project towards the bottom 
part of the neck. Their color is a pinkish gray marked 
with numerous irregular spots and streaks of a dark 
hue. The right lung is divided by means of fissures 
into three lobes; the left into two lobes. 

330. The Structure of the Lungs is very peculiar. 
They are composed of a delicate elastic tissue in which 
are situated innumerable minute cavities called pul- 
monary lobules, each of which is a collection of more 




FlQ^. 133.— A LOBULB OF A LUNQ. 

1.— Small bronchial tube. 
2.— Air-cell. 
3.— Lung tissue. 



Digitized by VjOOQIC 



214 



HUMAN PHYSIOLOGY AND HYGIENE. 



minute cavities called air vesicles^ or air cells. The 
walls of the air vesicles are extremely thin, being 
made up, for the most part, of a fine, close network 
of capillary blood vessels. These walls are very 
elastic and are capable of great distention. The vesi- 
cles, although so minute, are so numerous that the 
combined surfaces of their walls present a wonderfully 
large area — equal, it is estimated, to 1,400 square feet. 
Each vesicle is of a conical form and the lobule or 
collection of vesicles opens at its apex, 
not into another vesicle or lobule, but 
into a minute air passage called a bron- 
chial tube, 

331. The Bronchi. — The walls of the 
smaller bronchial tubes are composed 
of a delicate fibro-elastic membrane, 
and each of the lobules of the lungs 
may be said to consist of one of these 
tubes with its connecting vesicles. The 
different bronchial tubes, like the trib- 
utaries of a river, unite and form larger 
tubes, and these finally combine into 
still larger passages, called bronchi^ 
one of which extends from the interior of each lung 
towards the upper part of the chest. There the two 
open into and form a single passage, called the trachea^ 
or windpipe, 

332. The Trachea is a tube about four and one half 
inches long and three fourths of an inch in diameter. 
It extends from the middle of the upper part of the 
chest upward to the anterior part of the neck. The 
walls of both the trachea and the bronchi are lined 
with mucous membrane. They are composed chiefly 




FlQ. 134. — SBCTION 

OF A Lobule. 

a.— Interior of lob- 
ule. 

b.— Bronchial tube. 

c, c, c — Air vesi- 
cles. 
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of fibrous tissue and encircling rings of cartilage which 
preserve their rigidity and prevent them from collaps- 
ing during the acts of breathing. The trachea is 
encircled by eighteen of these rings. 

883. The Larynx. — The upper end of the trachea 




Fig. 135.— Thb Aib Passaoss. 
A.— The larynx. D.— The bronchi. 



B.— The trachea. 



C— Small bronchial tubes. 



opens into and is continued in a box-shaped cavity, 
called the larynx^ the walls of which are likewise com- 
posed chiefly of cartilage, and are therefore rigid and 
to a certain extent unyielding. The larynx is lined 
with a delicate mucous membrane, and in it are situ- 



Digitized by VjOOQIC 



2l6 



HUMAN PHYSIOLOGY AND HYGIENE. 



ated certain peculiar ligamentous bands which are 
concerned in the production of the voice and are called 
vocal cords. Of the structure of these cords and of 
their peculiar function more will be said in the proper 
connection (§ 355). 

What is the pharynx? 
Where is it situated? 
How many and what 
passages open into it 
or from it? 

The larynx is imme- 
diately below the phar- 
ynx, with which it 
communicates through 
an opening called the 
glottis^ which is the 
space between the vocal 
cords. Attached to the 
anterior part of the 
glottis is the small leaf- 
shaped plate of carti- 
llage known as the epi- 
glottis. 

334. A Short Eeview. 
— Describe the epiglot- 
tis and its function 

(§ 213). 

Which one of the passages into the pharynx from 
above is the natural entrance and exit for the air 
during the process of breathing? 

Through which other passage may the air be taken 
in or expelled? 

Draw a deep breath, filling the lungs with air. Now 




Pig. 136.— Anterior Surfacb of thb 

Larynx. 
a, e.— Hyold bone. b.— Membrane. 
c, d.— Thyroid cartilage ( Adam's Apple), 
f.— Ligaments. g.— Cricoid cartilage, 
h.— Trachea- 
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expel the air slowly. Notice the motion of the ribs 
when you are taking in the air and also when you are 
expelling it. 

What are the muscles called which elevate the ribs 
when the breath is drawn in (§94)? Are these 
muscles of the voluntary, or of the involuntary type? 



XXXIV.— RESPIRATION. 

336. Definitions. — The process of breathing is called 
respiration. The passages and organs concerned in the 
process of breathing are called respiratory organs; and 
when considered together as an assemblage of organs 
designed to accomplish a particular object, they consti- 
tute what is known as the respiratory system. 

The word respiration, however, has sometimes a 
much broader signification, being used to indicate the 
combining of oxygen with the blood and the removal 
of carbonic acid and other impurities from it. 

The act of drawing the air into the lungs is called 
inspiration. The reverse act of expelling the air from 
the lungs is called expiration. 

Name in their order the passages or organs through 
which a given portion of air passes on its way from the 
pharynx to the lungs. Now write the names of the 
respiratory organs in their proper order. 

336. How We Take Breath. — The thorax, or chest, 
is an air-tight compartment, or box, the interior of 
which has no communication with the outer air except 
through the air passages. Within it are the lungs and 
the heart, which fill it almost completely. Describe 
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the framework of its walls (§ 47). Describe the 
muscular partition that separates it from the ab.dom- 
inal cavity (§94)- 

When the diaphragm is relaxed it extends upward in 
a vaulted form into the thoracic cavity, assuming a 
shape somewhat like that of an inverted wash basin. 
When it contracts it assumes a more horizontal shape 
and thereby increases the capacity of the chest. When 
the intercostal muscles which control the motions of 

the ribs are relaxed, the 
walls of the chest are 
quiescent and considera- 
bly reduced in circumfer- 
ence. But when they 
contract, the lowermost 
ribs are elevated and their 
points are separated, thus 
increasing the size of the 
chest. 

Experiment, — With a 
tape line measure the 
circumference of the lower part of your chest when 
all the muscles are relaxed and at rest. Then, by con- 
tracting the diaphragm and intercostal muscles, expand 
the chest to its fullest extent and again measure its 
circumference. 

What took place in your lungs when you expanded 
your chest? Why? 

337. The lungs, being very elastic and largely com- 
posed of air cells, readily adapt themselves to the 
changes in the capacity of the chest. Hence, together 
with the enclosing diaphragm and chest walls, they act 
in nearly the same manner as a bellows. Enlarge the 




Fig. 137.— Diagram Showing thk 
Movement of the Di4phragm During 
THE Act of Breathing. 

A, A.— Diaphragm. 
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capacity of the bellows by separating its bounding 
walls, and the air rushes in and fills it. Depress the 
sides of the bellows so as to diminish its capacity, and 
the air is forced out through the nozzle. It is so in 
breathing. Any expansion of the chest produced by the 
contraction of the respiratory muscles, is accompanied 
by a like expansion of the lungs, and at the same time 
the air rushes into them and prevents a vacuum. Any 
contraction of the chest produced by the relaxation of 
the respiratory muscles, diminishes the volume of the 
lungs, and the air in them is accordingly forced out 
through the same passages by which it entered. It is 
evident from what has been said, that inspiration is an 
active operation, while expiration is ordinarily a passive 
one. The former is the result of muscular contraction, 
the latter is more the result of muscular relaxation. 

338. Thonght and Experiment. — To what extent may 
a person control his breathing? 

How often do you ordinarily breathe in a minute? 
Count and see. When do you breathe most rapidly? 

How is the frequency of breathing influenced by any 
kind of active exercise? What class of persons breathe 
the most rapidly? 

339. Some Facts abont the Air. — To understand why 
pure air is so necessary to health and comfort, and even 
to life itself, it is necessary to know something about 
its nature and composition as it exists in the atmos- 
phere that surrounds us. Air is a mixture of two 
gases, oxygen and nitrogen. The oxygen is the ele- 
ment necessary to all animal life ; the nitrogen is useful 
only as a diluent. In pure air there are about four 
parts of nitrogen, by weight, to one part of oxygen ; that 
is, each ounce of oxygen is diluted with four ounces of 
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nitrogen. Since the respiratory organs are adapted to 
the breathing of oxygen thus diluted, a stronger mix- 
ture of that gas might produce harmful results. The 
air at most times contains small quantities of other 
substances, such as carbonic acid, watery vapor, and 
various impurities. In closed rooms and other locali- 
ties where the free circulation of air is impeded, the 
proportion of impurities is largely increased (see 

§ 537). 

340. Oxygen is the most important of the supporters 
of life, for without it existence cannot continue even 
for a brief period. Like the food, it aids in sustaining 
and nourishing the tissues. It has also other uses. It 
has great affinity for many substances, and its union 
with them is accompanied by the production of heat. 
In the capillaries it unites with the carbon which is 
produced from the broken-down cells, thus forming 
carbonic acid, a gas that is easily expelled from the 
system. Oxygen is the most active supporter of com- 
bustion, and is as necessary to the production of fire as 
to the maintenance of life. No other substance seems 
so necessary to all the important processes of nature 
as this colorless, invisible gas. 

Through the medium of what system of organs does 
the food obtain access to the blood- vascular system? 
Through the medium of what system does oxygen 
obtain access to the blood- vascular system? 

841. Nitrogen is a negative element, just as oxygen 
is an active and positive one. It does not support life ; 
it does not aid in combustion ; its principal purpose in 
the air seems simply to restrain its impetuous fellow 
gas, oxygen. 

342. An Inspiration. — Let us now follow a given 
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portion of air into the lungs. For convenience in 
description let us call this given portion AIR. 

Take a good breath. This is what we call an inspi- 




Fio. 138.— SBcnoNAL Viaw of thk Uppkb Air PASSAOKa. 
1,2.— Back of nasal passage. 8.— Cartilage of larynx. 14.— Tongue. 
8. 4.— Back of mouth. 9.— Esophagus. 15.— Hyoid bone. 

5.— Tonsil. 10.— Trachea. 16.— Larynx. 

6.— Pharynx. 11.— Nose. 17, 18.— Cartilages. 

7.— Epiglottis. 12, 13.— Mouth. 
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ration. Observe as the chest is expanded how AIR 
rushes through the air cavities of the nose. During its 
passage through these cavities it becomes slightly 
warmed, thus adapting its temperature to that of the 
delicate organs which it is about .to enter. Passing 
through the pharynx, it is admitted by the epiglottis 
into the cartilaginous chamber called the larynx. 

• The epiglottis is a faithful guardian of the air pas- 
sages, admitting only the gaseous air and carefully 
excluding all solid or liquid substances. If, by any 
accident, some such substance should slip past it into 
the larynx, the delicate nerves in the walls of the latter 
give the alarm, and violent fits of coughing ensue in 
the effort to expel the intruder. For coughing is but a 
quick and spasmodic expulsion of air from the lungs 
and air passages, generally for the purpose of keeping 
them clear of all obstructions. 

But let us suppose that, this time, no such obstruc- 
tion has interfered with the breathing. The AIR 
passes onward into the trachea, or windpipe, which is 
always kept distended by its eighteen cartilaginous 
rings. The two bronchi are simply branches of the 
windpipe, one extending to the right 
lung, the other to the left, and their 
structure is identical with it. The 
mucous membrane of both the trachea 
and its branches is lined with epithe- 
lium of that peculiar variety called 
FiQ. 139.-CII.IATKD ciliated epithelium This epithelium is 

Epithixium Lin- ^ ^ 

cmAL™BBs"^^' ^^^ ^^ delicate, hair-like processes 

which have a continual wavy motion, 

producing a kind of current the direction of which is 

always upwards, or from within outwards. This pecu- 
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liar 4;urrent helps in the removal of excessive secre- 
tions, such as mucus, and of foreign substances, such 
as dust, that may have intruded into these passages. 
The AIR, passing into and through the bronchi and 
smaller bronchial tubes, enters the air vesicles, or cells, 
which, being extremely elastic, are expanded in pro- 
portion to the expansion of the chest cavity, and are as 
quickly filled with the indrawn air. The expansion of 
the air cells is, of course, simultaneous with the dis- 
tention of the lungs as a whole 

343. The lungs are now filled with AIR. How much 
air do you suppose liiey can contain? The average 
extreme capacity of these organs, that is, the total quan- 
tity of air which they are capable of containing, is esti- 
mated to be 330 cubic inches. In other words, we may 
say that all the air vesicles in each lung, taken together, 
are capable of holding as much as a box six inches 
long, five and one half inches wide and five inches deep. 
Of the whole amount of air in the lungs, 200 cubic 
inches remain in the vesicles during all ordinary acts of 
breathing ; one half of this cannot be expelled, except 
by forcible expiration ; and the other half cannot be 
expelled at all. With each ordinary inspiration, about 
twenty cubic inches is taken into the lungs, and with 
each ordinary expiration about the same amount is 
expelled. By a forced expiration, however, about no 

cubic inches of air may be expelled from the lungs. 

344. What Takes Place in the Air Cells.— The air 
cells being inflated with pure AIR, a wonderful trans- 
formation instantly occurs. By endosmosis a part 
of the oxygen in the AIR passes through the thin walls of 
the air cells and enters the minute blood vessels which 
everywhere traverse them. The oxygen combines at 
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once with the elements already present in the l^ood 
that fills these vessels, causing the red corpuscles to 
assume a brighter color, and imparting new life to the 
vital fluid. The reinvigorated blood, as we have 
already learned, is then hurried onward to the heart 
and thence into the systemic circulation. 

At the same moment that the life-giving oxygen is 
thus absorbed into the blood, another wonderful 
process, exactly the opposite of the first, is taking 
place. The various impurities — ^the watery vapor, the 
useless debris of wearing-out tissues, especially car- 
bonic acid gas — which were carried to the heart by the 
veins and are now brought to the lungs by the pul- 
monic arteries, are, by exosmosis, passed out through 
the delicate walls of the minute blood vessels and air 
cells, to become. mixed with the AIR which has just 
parted with a portion of its oxygen. These are two 
great changes which are taking place in the lungs 
with every breath of air that is taken. Upon these 
changes life depends. 

345. Interesting Facts. — We have now followed a 
definite portion of air, AIR, through all its changes of 
place and composition to the completion of a single act 
of inspiration. The time occupied has been but a few 
seconds, although we have consumed several minutes 
in describing it. Here are some interesting facts that 
are worth remembering: 

It is estimated that the amount of oxygen ab- 
sorbed by the blood is equal to about one twentieth of 
the volume of air that is inspired. What portion 
of its oxygen, therefore, does the air lose in the lungs? 

In the course of a day about fifteen cubic feet of 
oxygen is taken into the blood and consumed by one 
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person. To supply this amount of oxygen, how many 
cubic feet of air must be inhaled? 

More oxygen is consumed while laboring or exer- 
cising and during the period of digestion, than while 
the body, with all its organs, is at rest. As a conse- 
quence what is the effect at such times upon the 
breathing; upon the circulation of the blood? Explain 
why this is so. 

346. An Expiration. — Let us suppose that the 
definite portion of air which we have called AIR is still 
in the vesicles of the Itmgs. It has been deprived 
of one fifth of its oxygen, and it has acquired instead 
a miscellaneous mixture of carbonic acid, watery vapor, 
and other impurities. For convenience we may now 
call it EXP. AIR. When it was first drawn from 
the atmosphere we know it was pure air, and it might 
have been described in this way: 

AIR = 23 parts of oxygen + 77 parts of nitrogen. 

It may now be described as fol- 
lows: 

EXP. AIR = 1 8 parts of oxygen 
+ 77 parts of nitrogen + 5 parts of 
impurities. 

This impure air cannot long 
remain in .the lungs; indeed, na- 
ture requires its immediate expul- 
sion. The muscles of respiration, 
therefore, are entirely relaxed. 
The diaphragm reassumes its 
vaulted shape, rising upward in 
the thoracic cavity, while at the 
same time the ribs drop to their position of rest. The 
capacity of the chest being thus diminished, EXP. 
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AIR, with its load of impurities, is forced from the lungs 
and escapes by the same passages through which it, as 
AIR, entered. This constitutes a single expiration, 

347. The amount of carbonic acid gas removed from 
the body by expiration varies under different circum- 
stances, but the approximate average is about fifteen 
cubic feet per day. Age, diet, sex, digestion, and 
exercise, all have a marked influence upon the amount 
and quality of the impurities expired at every breath. 
If inspired air be impure it is for obvious reasons 
incapable of imparting the necessary amount of oxygen 
to the blood in the lungs. Being already loaded with 
impurities, it is also unable to carry away the waste 
matters with which the blood is ready to part. 

The acts of respiration are only partially under the 
control of the will. They are regulated and governed 
by the nervous system — a distinct nervous center, as 
we shall presently learn, existing for this sole purpose 

(§ 390). 

348. Asphyxia. — Arterial blood is capable of circu- 
lating freely in the capillary blood vessels ; venous blood, 
loaded with carbonic acid gas, is in such a condition 
that it cannot circulate in them. When the supply of 
oxygen is shut off from the lungs, and the blood fails to 
be purified, a condition called asphyxia^ or suffocation^ 
results. In asphyxia the blood becomes completely satu- 
rated with carbonic acid gas. This gas having no means 
of escaping from the body, circulation in the capillaries 
is impeded by it and ceases, the blood fails to return to 
the heart, and that organ soon refuses to act. 

Asphyxia may occur from many causes, drowning, 
choking, inhalation of poisonous gases, or any serious 
obstructions in the air passages. 
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In cases of asphyxia, especially from drowning, life 
may often be restored, provided the heart has not 
entirely ceased beating. This is done by supplying the 
person with fresh air, so that oxygen may be imparted 
to the blood, and the carbonic acid removed. The air 
must be made to enter the lungs, and the only way 
this can be done is by performing artificial respiration, 
a procedure with which every one should be familiar 

(§ 565). 

349. Injuries to the Lungs. — The lungs and, in fact, 
.all the organs of the respiratory system are liable to 

diseases more or less serious. These are usually the 
result of exposure, or of carelessness, or of some species 
of excess. To preserve the respiratory organs in a 
healthy condition great care should be taken that they do 
not become injured by the inhalation of foul or impure 
air, or of noxious and irritating gases. The proper ven- 
tilation of sitting rooms and sleeping rooms should 
receive special attention (see Chapter LVIII). . Sudden 
exposure to heat or cold often affects the respiratory 
organs. A severe cold is a matter of no small con- 
sequence, for it may be the beginning of a serious, if 
not fatal, disease of the respiratory organs. 

350. How Alcohol Affects the Respiratory Organs. 
— When alcohol is taken into the stomach it requires 
but a few moments for a portion of it to reach the 
lungs. Through what channels does it pass before 
entering these organs? Trace the course of a quantity 
of liquor from its entrance into the stomach to its 
entrance into the air vesicles of the lungs. What are 
some of its effects upon the blood vessels through 
which it passes? What are some of its effects upon 
the heart? Through what vessels is it carried from 



Digitized by VjOOQIC 



228 HUMAN PHYSIOLOGY AND HYGIENE. 

the heart to the lungs? What effect does it have upon 
the blood with which it is mixed? Does it exist in the 
blood as an impurity? How do impurities escape from 
the blood while it is passing through the lungs (§ 344) ? 
Suppose the blood is overloaded with impurities, 
can all escape in this way? What becomes of that 
portion of impurities which cannot escape? If they are 
carried again into the general circulation will they have 
an injurious effect upon the tissues ? Explain how it 
is that a drinker's breath is sure to betray him. 

351. A portion of the alcohol which a drinker takes 
into his stomach is soon expelled from the system 
through the lungs. For some time after the drink has 
been taken, the air of each expiration is distinctly 
charged with the odor of alcohol. The lungs seem to 
act as a kind of safety valve ; for if they did not aid 
in expelling poisonous matter from the system its 
effects would be far more rapid and deadly than they 
are. But while in some measure protecting the other 
organs from this destroyer, the lungs and air passages 
themselves suffer injury by contact with it. The 
delicate tissue which composes the walls of the air 
vesicles becomes inflamed, and the vesicles themselves 
are incapable of becoming fully distended by the air. 
The lungs gradually assume a deep red or brownish 
color. The walls of the bronchi become affected, and 
chronic bronchitis is frequently the result. These 
affections of the air passages , as a matter of course, 
interfere with the circulation of the blood and hinder 
its proper and prompt purification in the lungs ; conse- 
quently the nutrition of the whole system is impaired 
and all the life processes are more or less impeded and 
impaired. 
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Frequently the drinker of alcoholic liquors is troubled 
with catarrhal inflammation of the throat. The voice 
becomes hoarse and husky, or, in some cases, fails 
entirely. The mucous membrane which lines the 
larynx and other air passages becomes thickened and 
congested; the small glands which secrete a mucous 
fluid to keep the membrane moist are unable to per- 
form their proper function, and therefore deposit a 
thick, viscid substance upon its surface. As a conse- 
quence respiration is impeded, and a persistent, hack- 
ing cough is produced. Is it any wonder that colds and 
lung troubles are easily contracted and that they are 
cured only with much difl&culty? 

Pneumonia is much more easily contracted by alcohol 
drinkers than by others; and recovery, if it occurs at 
all, is more tedious and prolonged. 

352. Tobacco Injures the Longs and Air Passages. 
— The inhalation of tobacco smoke tends to cause irri- 
tation and congestion of the respiratory organs. Many 
diseases of the mouth and throat are induced or aggra- 
vated by the poisonous nicotine which is absorbed by 
the tissues or brought into direct contact with the 
delicate and sensitive surface of the mucous membrane 
which lines the air passages. The throats of many 
persons are easily irritated by tobacco smoke. This 
irritation, if continued, causes a redness and soreness 
of the mucous membrane which lines the larynx and 
trachea, and frequently results in the disease called 
•* smoker's sore throat.** The only cure for this 
trouble is to give up the use of tobacco altogether. 
Snuff-taking causes many diseases of the nose. 

358. Practical ftnestions. — In what respect may the 
respiratory system be regarded as an auxiliary to the 
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circulatory system? What other system is likewise 
auxiliary to the circulatory system? 

Which is of the greater importance to life, food or 
air? Why? 

At what point does the preparation of nutritive 
material by the digestive and circulatory systems cul- 
minate (§ 344)? 

What three systems of organs are concerned in the 
nutrition of the body? What is meant by nutrition, in 
the sense intended in the foregoing question? 

Which one of these three systems assists only in the 
building up processes? In what way does each of the 
others assist in tearing down as well as building up? 

If there should be a sudden cessation of both the 
circulation and the respiration, would the destroying 
or tearing-down process cease at the same time? 



XXXV.— THE VOICE. 

364 What and where is the larynx (§ 333) ? Describe 
its lining membrane. What is the opening between 
the larynx and the pharynx called? Describe the 
epiglottis. 

856. Structure of the Larynx. — The cartilages 
which form the framework of the larynx comprise three 
single pieces and three pairs. The single pieces are 
called the thyroid, the cricoid, and the cartilage of the 
epiglottis. The three pairs are two arytenoids, two 
comicula, and two cuneiform cartilages. The cartilages 
are connected by elastic ligaments or membranes, two 
of which are the true vocal cords. The prominence on 
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the front part of the neck, familiarly called the Adam's 
apple, is formed by the anterior part of the thyroid 
cartilage. 

356. The Vocal Cords. — The vocal cords consist of 
two nearly parallel elas- 
tic ligaments running 
from the angle of the 
thyroid cartilage to the 
arytenoid cartilages on 
the opposite side of the 
larynx. They are cov- 
ered with a thin mu- 
cous membrane. Above 
these cords are other lig- 
aments, somewhat sim- 
ilar in appearance, 
called the superior thy- 
TO-srytenoid ligaments, 
or false vocal cords. 
The narrow aperture or 
chink between the true 
vocal cords is called the 
rima glottidis. By the 
movements of the ary- 
tenoid cartilages, per- 
formed by means of the 
muscles of the larynx, 
both the size and shape 
of this opening may be 
changed; for, when the arytenoids are separated, a 
corresponding separation of the vocal cords of course 
occurs and the rima glottidis is expanded into a trian- 
gular opening; but when these cartilages are drawn 




Fio. 141.— PosTBBiOR Vncw OF \ 
Larynx. 



a.— Epiflottis. 
b,b.-Thy •' 



hyroid cartilage. 

c, c— Arytenoid cartilage, 
e.— Cricoid cartilage. 

d. d.— Ligaments. 

f.— Upper ring of the trachea. 
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close together, it is reduced to an oblong and very 
narrow slit. The movements of the arytenoid carti- 
lages also affect the 
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Posterior View. 
a,— Epiglottis, 
b.— False vocal cords, 
c, f.— True vocal cords, 
d.— Muscles, 
e.— Thyroid cartilage, 
g. Arytenoid cartilage, 
h.— Cricoid cartilage. 
I.— Trachea. 



glass tube so as to leave a 
between their free edges. 



tension of the vocal 
cords. It is by the va- 
riations in the shape 
and size of the rima 
glottidis, together with 
the changes in the ten- 
sion of the vocal cords, 
that the various modi- 
fications of the voice 
are, for the most part, 
produced. Between the 
true vocal cords and the 
false cords are small 
recesses or pouches of 
such shape and arrange- 
ment as to promote the 
free vibration of the 
true vocal cords. The 
aperture of the glottis 
is triangular, being wide 
in front and narrow be- 
hind. 

357. How the Voice 
it Prodnced. — Suppose 
two thin bands of india 
rubber to be stretched 
over the end of a large 
narrow passage or chink 
Now, if air is driven 



forcibly through the tube it will cause the edges of the 
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bands to vibrate with greater or less rapidity, and a 
musical note will be produced, the pitch of which will 
depend upon the number of vibrations within a stated 
period. 

The voice is produced in a similar manner, the 
trachea being the tube, the vocal cords correspond- 
ing to the rubber bands, and the lungs being the 
bellows that drive the air. If the rima glottidis is 
wide open the expired air escapes without producing a 
sound. But when the cords are drawn quite close 
together and at the same time made somewhat tense 
by the muscles of the larynx acting with the movable 
cartilages, then the passage of the air produces a rapid 
vibration of the free edges of the cords and a vocal 
sound is the result. 

The pitch of this sound depends upon the rapidity of 
the vibrations; and the rapidity of the vibrations is 
regulated by the tensity of the cords, the size and 
shape of the rima glottidis, and the degree of force 
with which the air is expelled. It is a mistake, how- 
ever, to suppose that the vocal sounds are directly pro- 
duced by the vibration of the cords. The vibration 
of the cords produces an alternate condensation and 
rarefaction of the column of air which is passing 
through the larynx ; and this latter is the chief cause 
of the vocal sounds. 

The vocal mechanism, therefore, may be compared 
not to a stringed instrument, as a violin or guitar, but 
to a reed instrument in which a column of air is thrown 
into a state of sonorous vibration. The vocal sound 
is modified by the tongue, teeth, lips, and palate, and 
thus shaped into articulate words. The quality of the 
voice may be much improved by systematic cultivation. 
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XXXVI.— EXCRETIONS AND EXCRETORY 
ORGANS. 

858. What are excretions? In what respect do they 
differ from secretions? What general name is given to 
the organs which produce secretions? Give an example 
of a secretion ; of an excretion. 

In what respect are the lungs excretory organs? 
Name two excretions that are discharged through the 
medium of the lungs. 

Excretions are also called excrementitious sub- 
stances. The total amount of excrementitious matter 
discharged daily from the body approximates on an 
average the total amount of food consumed. When 
the excrementitious matter is in excess of the nutrition 
assimilated, emaciation takes place. When the excre- 
mentitious matter is less in amount than the additions 
derived from nutrition, there is a definite increase in 
the size and strength of certain of the tissues. In 
childhood and youth the assimilation is more active and 
the formation of cells in the different tissues goes on 
more rapidly than their breaking down or destruction. 
But how is this in middle age? In old age? 

359. The excretory processes are going on at every 
moment of our existence; otherwise there would at 
once occur an accumulation of used-up tissue sub- 
stances in the blood, producing distressing results, 
which, if not immediately relieved, would end in the 
stoppage of all life processes. If one of the excretory 
organs is impaired or is unable to perform the whole of 



Digitized by VjOOQIC 



PERSPIRATION. 



235 



its functions, the waste matter which should have been 
removed by it attempts to find some other outlet. 

860. Of all the excrementitious matters discharged 
from the body the most important are the gaseous and 
watery substances which pass out by way of the lungs. 
Besides these may be mentioned the sweat and oily 
secretions of the skin, the excretions from the kidneys, 
and the cast-off horny scales of the skin, the nails, 
and the hair. 

361. The Skin as an Excretory Organ. — Considered 
solely in relation to its 

structure, of what kind of 
tissues is the skin com- 
posed? Considered in rela- 
tion to its function as an 
excretory organ, to what 
class of tissues may it be 
said to belong? Name two 
other functions of the skin 
(§ 138). Describe the gen- 
eral structure of the skin 
(§139). Explain the differ- 
ence in the color of the skin 
in different races. What 
are the papillae? Describe the sudoriferous, or sweat 
glands. Describe the sebaceous glands. 

362. Perspiration. — The sudoriferous or sweat 
glands are constantly employed in the process of 
removing waste matters which they derive from the 
capillary blood vessels in the skin. These waste mat- 
ters, composing the perspiration or sweat, exist in the 
glands in a liquid form. Except when the quantity is 
excessive, they become vaporous as soon as they are 




FlO. 143.— SUHPACE OF THK SKIN. 

Showing the ridges and depressions 
and the openings of the sweat glands. 
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FlQ. 144.— A 
SWKAT Gland. 

A.— Outlet. 

B. — The epi- 
dermis. 

C— The derma 
or true skin. 



discharged upon the surface of the skin. 
Perspiration is being produced constantly, 
but at some times much more freely than 
at others. The amount depends upon the 
conditions of heat and moisture, the 
kind of exercise, the quality of foods 
and drinks taken, and the general con- 
dition of the system. Ordinarily about 
two pints is excreted from the skin of 
a healthy person every twenty- four hours. 
363. Because of its ready tendency to 
vaporize, it is difficult to collect sweat for 
examination in the condition in which it 
exudes from the sudorifeix>us glands. It 
is a clear, colorless fluid having an acid 
reaction, a peculiar odor, and a slightly 
saltish taste. Its composition is about as 
follows : 



Water 

Urea 

Fats 

Lactates 

Sudorates 

Common Salt. 



Parts in 1,000 

995.753 

0.043 

0.014 

0.317 

1.562 

2.230 



Parts in 1,000 
Chloride of Potassium. . 0.244 

Phosphates a trace 

Albuminates 0.005 

Worn out particles of the 
skin a trace 



364. In addition to the substances just named as 
existing in the perspiration, the skin also throws off a 
small quantity of carbonic acid and watery vapor 
similar to the discharges from the lungs. If we except 
the water, the amount of matter excreted by the skin 
is comparatively small, and yet the importance of its 
removal is very great. This is shown by the fact that 
if the entire surface of the skin be covered with 
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varnish or some other impermeable coating, death will 
quickly ensue. It is probable that this result is caused 
by the retention in the system of certain poisonous 
substances, the exact nature of which is not yet thor- 
oughly imderstood. 

365. The Kidneys. — Next to the lungs and the skin, 
the most important excretory organs are the kidneys. 
These are two glandular structures 
situated within the abdominal cavity 
at its posterior part. Each weighs 
from four to six ounces and is about 
four inches long and two inches wide 
with a thickness of one and a half 
inches. 

The kidneys are made up in great 
part of arteries, veins, and numerous 
small tubules, and so far as known, fiq. ii^!*^ioNOPA 
have but the one function, that of i^.T^'urefer 
excretion. They remove from the 
blood much water, many salts, and considerable organic 
waste matter, the chief constituent of which is urea^ a 
substance also contained in the perspiration excreted 
by the skin. From each kidney there proceeds a tube 
about the size of a goose quill, called the ureter^ which 
passes downward to the bladder. Through these tubes 
the excrementitious matter from the kidneys passes 
into the bladder, which acts as a reservoir for it. The 
average amount of excretion from the kidneys is about 
three pints daily. 

366. Summary. — By way of summarizing what has 
been said about the excretory organs, it may be pointed 
out that the lungs (in their excretory functions), the 
skin, and the kidneys, are **all engaged in the great 
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task of ridding the system of its superfluous matters, 
and that each supplements the actions of the others. 
The lungs are great excretors of carbonic acid, 
though they share with the kidneys and the skin the 
task of getting rid of water. The kidneys have thrown 
upon them the task of removing from the system 
nearly the whole of the nitrogenous waste products 
and the superabundant salts, besides being the greatest 
excretors of water. The skin, on the other hand, 
looked upon as an excretory organ, is second in 
importance to the kidneys as a remover of water, and 
comes next to the lungs in separating carbonic acid. 
The skin, it must be remembered, however, has many 
functions. Besides being an organ of sense it takes 
the chief part in regulating the temperature of the 
animal body."* 

367. Disturbances in the Functions of the Excretory 
Organs. — The excretory functions of the lungs, the 
skin and the kidneys may become deranged or par- 
tially destroyed from a variety of causes. Inflam- 
matory diseases of the lungs and air passages, as 
bronchitis and pneumonia, interfere with the excretory 
functions of these organs, often causing serious dis- 
turbances to the system by permitting the blood to 
become overloaded with carbonic acid gas. 

The excretory functions of the skin may be hindered 
by sudden chilling and by high fever. Severe injuries 
to the skin, as burning, also affect its action. Unclean- 
liness of the skin interferes with the proper excretion 
from this organ because of the ducts of the glands being 
clogged up with waste matter. Inflammatory condi- 

* Professor Arthur Gamgee. 
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tions of the kidneys interfere with the proper excre- 
tions from these organs. A severe coH often produces 
a condition which hinders the work of all the excretory 
organs, and in such cases a dangerous disturbance is 
produced in the entire system. 

368. The chief function of all the excretory organs 
is to remove from the system such substances as are 
useless and injurious and which, if allowed to remain 
in the circulation, would produce disease and death. 
Any interference with this function is therefore likely 
to cause not only distress and pain in these organs them- 
selves but also a general derangement of other parts 
concerned in the conduct of the various life processes. 
A noted German physiologist (Prof. Binz) says that 
even healthy kidneys are irritated by moderate doses 
of alcohol and that all forms of irritation of the kidneys 
are aggravated by its use. The continuance of such 
irritation soon weakens their power of separating dele- 
terious substances from the blood. 

How do the lungs remove alcohol from the blood 
(§351)? Do they remove it all? What very com- 
mon evidence do we have that they remove a portion 
of it, even in the case of moderate drinkers? How are 
the lungs and air passages themselves affected by 
contact with alcohol? Does any alcohol remain per- 
manently in the circulation? If this were the case, 
what would be the effect upon the tissues? 

869. The kidneys are all the time separating and 
removing unusable substances which have in various 
ways found access to the vascular system. Their work, 
like that of the lungs, is continuous, but it is different 
in that they carry off some substances which the lungs 
cannot carry off. Sometimes during the process of 
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liquors : First, the delicate membranes which form a 
considerable portion of their structure are inflamed 
and disabled by contact with the alcohol in the circula- 
tion. Second, the action of alcohol upon the stomach 
and liver causes the presence of a larger proportion of 
useless matter in the blood and consequently over- 
works those organs whose function it is to remove 
such matter from the system. 

Under such circumstances the chief wonder is that 
the excretory organs are able to perform any of their 
functions for any considerable time. 

371. Tobacco also Injures the Excretory Organs. — 
What effect does tobacco sometimes have upon the 
mouth, throat, and air passages? (See §352). Is it 
not likely that the delicate lining membrane of the 
air vesicles also suffers from this cause? What effect 
would this probably have upon the lungs in their capac- 
ity as excretory organs? 

All tobacco contains an active principle called nico- 
tine^ which is a deadly poison. The stronger the 
tobacco the more nicotine does it contain. If all 
the nicotine in a single cigar were taken into the 
stomach at one time it would produce instant death. 
No person can chew tobacco or smoke it without a 
small portion of this poison finding its way into the 
system. Upon a person not accustomed to its use even 
this small portion has its effect, producing nausea and 
a deathly pallor. If tobacco leaves are bound around 
the body next to the skin, the skin will absorb a suf- 
ficient quantity of the poison to produce a similar 
result. Deaths caused by the action of this drug 
are more frequent than is generally supposed. 

Now the nicotine which finds its way into the system 
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of the smoker or chewer must be expelled or it would 
soon accumulate in quantities sufficient to cause death. 
How shall it be expelled except by the excretory 
organs? A small portion of it is expelled by the 
lungs, as is shown by the fact that the smoker's breath 
carries always an odor of tobacco But by far the 
larger part is carried off by the kidneys, and these are 
liable to become seriously affected by its influence. 
Bright*s disease is sometimes a direct result of inju- 
ries to the kidneys produced by the tobacco habit. 
Sometimes the kidneys are unable to remove the 
poisonous nicotine as fast as it finds entrance into the 
circulation and then it must be expelled through other 
channels. In such cases, not only the blood, but the 
muscles and secretions are affected by the presence of 
tobacco. The skin and the lungs assist so far as possi- 
ble in removing this condition. As a consequence the 
penetrating odor of tobacco is constantly being exhaled 
from the body of the individual, although he may 
have abstained from its use for several days. The 
poison has its influence upon every organ, even upon 
the nerves and the brain, benumbing the sensibil- 
ities and preventing the individual from realizing his 
condition. 



XXXVII.— HOW THE BODY IS KEPT WARM. 

372. Bodily Heat.— The degreee of heat which 
exists at all times within the body, independent of 
external influences, is called animal heat or bodily 
heat. This heat is developed during the process of 
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nutrition, and is nearly the same in cold and in hot 
weather. The maintenance of proper bodily heat is 
necessary to life, and if from any cause the body is 
unable to generate sufficient heat in cold weather or 
to moderate it in hot weather death will result. 

373. The normal temperature of man in temperate 
climates is 98.5 deg. F., and this varies but slightly 
in the healthy body. Even in very cold or very hot 
climates the bodily temperature deviates but little from 
this. 

In different parts of the body the temperature varies 
and in some of the internal organs the blood is consid- 
erably warmer than it is upon the surface of the body. 
It has also been found that the general heat of the body 
varies under certain conditions, as during times of rest 
or activity, of sleep, of digestion, or of intense nervous 
excitement. While the body is being exercised, the 
heat is greater than when it is at rest. During diges- 
tion the bodily heat is increased and certain articles of 
diet, especially fats, tend to increase this heat consid- 
erably. The elevation of the external temperature 
increases the bodily temperature and the lowering of 
it decreases it. All changes, whether increasing or 
diminishing the bodily heat, are, however, but 
slight. 

374. Sources of Animal Heat. — Experiments have 
shown that no particular organs are endowed with the 
special function of producing heat. The production 
of heat within the body is a general process and takes 
place in every tissue. It accompanies the processes of 
nutrition, and may really be regarded as a consequence 
of nutrition. Certain kinds of foods (§170) seem to be 
almost wholly concerned in the production of heat. 
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The starches, sugars, and fats, although of them- 
selves unable to support life or nourish the tissues, 
are all destroyed in the processes of nutrition and 
are necessary articles of diet. They are especially 
craved by persons who are exposed to extreme cold ; 
and in the arctic regions they are the most important 
of foods. 

Nevertheless, these articles of diet are not absolutely 
essential to the production of animal heat, for the 
body, when denied them, still continues to maintain 
its warmth. We are accordingly prepared to learn 
that the process of respiration is doubtless the princi- 
pal agent in the production of animal heat. Respira- 
tion is not only an excretory process, but it is also a 
nutritive process in that it is the means of supplying 
oxygen to the tissues (§ 340). The consumption of 
oxygen by the tissues — oxidation — and the giving off 
of carbonic acid gas, has at all times a direct ratio to 
the amount of animal heat produced. 

Oxidation within the body is, in fact, a process of 
combustion similar in its nature to the combustion of 
fuel. The worn-out tissues, the broken-down cells 
are, in a certain sense, burned up — the carbon, hydro^ 
gen, and nitrogen which they contain uniting with the 
oxygen and producing carbonic acid, a little water, and 
the evolution of heat. This oxidation takes place 
within the tissues and is intimately and mysteriously 
connected with the processes of assimilation and 
nutrition. 

375. How the Bodily Temperature is Equalized. — It 
is necessary for the health and comfort of the body 
that its temperature be kept approximately the same 
under all conditions. This is accomplished largely 
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through the aid of the skin by means of perspiration 
(§ 362). There is always a greater or less loss of 
heat by evaporation from the surface of the skin. In 
hot weather this evaporation is very considerable and 
the amount of heat removed from the body is much 
greater than in cold weather. Nevertheless, loss of 
heat being, to a certain extent, constant, the body 
requires to be properly clothed according to the varia- 
tions in the climate. 

876. The Clothing. — One of the objects of clothing 
is to keep the system at a uniform and comfortable 
temperature. The temperature of the body varies 
but slightly at different seasons of the year. In cold 
weather an abundance of clothing is required in order 
to retain the bodily heat ; in hot weather the evapo- 
ration of perspiration upon the skin prevents too high 
a temperature. 

377. Effects of Alcohol upon the Animal Tempera- 
ture. — tt is not unfrequently claimed that the use of 
alcohol tends to increase the bodily heat, and people 
are sometimes advised on cold days to drink some- 
thing "to help keep them warm.** This is a mistake, 
for alcohol neither produces animal heat, nor indirectly 
causes its increase. It acts probably in the opposite 
way, diminishing the amount of bodily heat and 
causing the system to be more susceptible to changes 
of temperature. Certain it is that persons who use 
alcohol are unable to resist either gfreat heat or great 
cold. Oxidation and nutrition are, as you have learned, 
essential to the production of animal heat. The use 
of alcohol interferes with both these processes, and 
this, no doubt, results in the diminished production of 
animal heat. 
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XXXVIII.— THE NERVOUS SYSTEM. 

378. The Engine and the Engineer. — One of the 

most wonderful of all mechanical inventions is the 
steam engine. You have noticed the great number of 
its parts and the complexity of its construction. You 
have observed with what exactness each part performs 
its particular office or function, and how readily it 
responds to the controlling hand of the engineer. 
Perfect as it may be in it& mechanism and adjustment, 
and wonderful as is the work it is able to perform, you 
know that without the regulating and restraining 
influence of the engineer it would be useless — a mere 
collection of inert pistons, wheels, and levers, incapable 
of action. The boiler may be filled with water, 
fire may be kindled beneath it, steam may be gen- 
erated — and yet the engine will remain helpless and 
useless. 

Now, the living body may, in a certain sense, be 
regarded as an engine — the most wonderful of all 
engines — with its parts perfectly arranged and 
adjusted, and each part adapted to some special func- 
tion upon the performance of which the well-being of 
the whole depends. The three great systems of diges- 
tion, respiration, and circulation act in unison to main- 
tain the life and promote the health and strength of 
the tissues; all the vital processes are performed with 
exactness ; in the action of the various organs there is 
a wonderful harmony. Whence comes this unison, 
this exactness, this harmony of action? Where is the 
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engineer by whom this wonderful mechanism is 
directed and regulated? 

That system of organs and parts which controls and 
harmonizes all the other systems and life processes is 
called the nervous system. It performs its functions 
by means of central organs composed of nervous tissue, 
together with innumerable nerves which extend to 
and traverse every portion of the body. Let us briefly 
study some of the facts relating to this wonderful 
system. 

379. Nervous Tissue. — The substance of which the 
nervous system is constructed is called nervous tissue. 
It is of two kinds, each differ- 
ing from the other in compo- 
sition and in appearance. One 
is white and of a fibrous struc- 
ture ; the other is gfray, cellular, 
and of a soft consistency. The 
former is composed of small ^^o- i46.-a nbrvk cull. 

^, ^ " (Highly magnified.) 

fibers, and serves as a con- * 
ductor of nervous impressions ; the latter is made up 
of nerve cells, and serves as an originator of nervous 
impressions or of nerve force. Nerve force originates 
in nerve centers; and these are masses of gray mat- 
ter. This force, when conducted to the muscles, is 
what causes them to contract. The masses of gray 
matter are therefore the centers from which motion 
of all parts of the body originates. 

380. The Gray Matter. — Each of the cells of which 
the gray matter is made up consists apparently of a 
soft, granular substance. These cells vary greatly in 
size and in shape, some being round, some oblong, 
and others irregular or star -shaped. Issuing from 
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each are usually one or more tail-like processes, which 
connect directly with nerve fibers. The gray nervous 
tissue exists in the brain and spinal cord, where it 
forms masses of matter called nerve centers or ganglia. 

881. The White Matter. — The white or fibrous nerve 
tissue is made up of numerous thread-like structures 
called nerve fibers. It is of a glossy white appearance 
and has a firm consistence. 

The nerves are composed of white nerve tissue. 
This tissue also exists abtuidantly in the brain and 
spinal cord. 

882. Divisions of the Nervous System. — The 
nervous system consists of two grand divisions, 
each having a distinctive character of its own and 

performing functions peculiar 
to itself. The first of these 
grand divisions is called the 
cerebrospinal system; it consists 
of the brain and the spinal cord, 
with the nerves which have 
their origin in them. The sec- 
no 147.-NKEVE.FIBIBR8. Qud is callcd the sympathetic 

(Highly magnified.) . . ^ ^^, . *. 

system; it consists of a chain of 
ganglia or nerve centers, and the nerves which origi- 
nate from them. The former system is directly con- 
nected with the intellect and presides over all voluntary 
movements. The latter controls and regulates all 
those functions that are connected with the various 
nutritive processes, as digestion, circulation, secretion, 
and excretion. 

888. The Cerebro-Spinal System. — The cerebro- 
spinal axis, from which all the cerebro-spinal nerves 
originate, consists of two parts, the brain and the 
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Spinal cord. The brain is the mass of nervous tissue — 
both gray and white — which is contained within and 
fills the cranial cavity (§ 53). The spinal cord is the 
mass of nervous tissue which is contained within and 
fills the spinal canal (§ 43). 

The brain and the spinal cord are connected with 
each other, the latter appearing to be a continuation 
of the former, emerging from the cranial cavity 
through an opening in its base {the foramen inagnunt) 
and passing downward through the entire length of 
the spinal canal. 

The entire cerebro-spinal axis is surrounded and 
enveloped by a strong membrane arranged in three 
layers, which serves as a protection to the nervous 
tissues, and as a support for the numerous blood ves- 
sels which supply them with nutrition. 

The cerebro-spinal axis is composed of both white 
and gray nervous tissue. The gray matter is arranged 
in masses which form a chain of nerve centers or 
ganglia, and the white matter is so arranged as to 
connect together these different ganglia. The gan- 
glia, it must be remembered, serve as originators of 
nerve force, the white matter serves as conductors 
of nerve force (§ 382). 



XXXIX.— THE BRAIN. 

384. The brain, or encephalon^ consists really of a 
number of ganglia, or nerve centers, united to one 
another by means of white, or fibrous nerve tissue. It 
is connected, directly or indirectly, with all the nerves 
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of the body. It is composed of both gray and white 
matter, the gray matter being without, and the white 
matter within. The gray matter is arranged in rolls 
or convolutions, thus increasing its surface and quan> 
tity. 

The brain comprises three parts or divisions, the 

cerebrum, the cere- 
bellum^ and the 
medulla oblongata. 
These are all con- 
nected with one 
another and with 
the spinal cord. 

The brain of 
man is more high- 
ly developed than 
that of any other 
animal, and in 
proportion to the 
size of the body, is 
larger. In man the 
average weight of 
the brain is equal 
to about one for- 
tieth of the weight 
of the body; in 
the lower animals it equals only about 1-180 part of it. 
385. The Cerebrum. — The cerebrum is the largest 
division of the brain, comprising more than four fifths 
of its entire mass. Its surface is not smooth, but, as 
stated above, consists of numerous folds, or convolu- 
tions. It is divided by a deep longitudinal fissure into 
two lateral halves, called hemispheres of the brain. 




Fio. 148 — View of the Top of the Brain. 
1, 1.— Hemispheres. 2, 2.— Longitudinal fissure. 
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Each of these hemispheres is divided, by shallower 
fissures, into three lobes, an anterior, a middle, and a 
posterior. 

The gray matter in the cerebrum lies externally, vary- 
ing from one twelfth to one eighth of an inch in 
thickness, and, as al- 
ready stated, is ar- 
ranged in convolu- 
tions or wave - like A/fJ^'jf 
folds. The white or ^ ' ^ ' 
fibrous tissue lies in- 
ternally, and imbed- 
ded in it are certain 
masses of gray mat- 
ter, or ganglia. The 
white matter serves 

as a connector as ^^^ i49,-side~view of thb brain. 
well as a conductor A*-£!K?n"«K,ATF®'^*^""™- 

C. — Meoulla oblongata. 

between the masses 

of gray matter, and the arrangement of the fibers 

composing it is very complex and intricate. 

386. Functions of the Cerebruin. — The cerebrum is 
the seat of the mind. It is a necessity to all acts and 
processes connected with life. All the operations of 
thought are dependent upon it, and disease or destruc- 
tion of its tissues results in the diminution or complete 
annihilation of the intellectual powers. Brain tissue, 
by use, wears out, just as other tissues do. It there- 
fore requires nutrition for its regeneration. 

Not only do all intellectual processes have their 
origin in the cerebrum, but it is from this part of the 
brain that all voluntary motions are directed, and 
their motor stimulus is produced. Thus, injury or 
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disease of some parts of the cerebrum produces loss 
of motion or sensation in certain parts of the body. 
Injury or disease in other parts causes, and is followed 
by, feeble and inadequate thought and failing intel- 
lectual powers. 

In general terms it may be stated, that intellectual 
power exists in man in proportion to the size of his 
cerebrum and the delicacy of its organization, although 
there have been marked exceptions to this rule. In 
the cerebrum is also a center which presides over the 
power of articulate language. If this center is dis- 
eased or injured the person loses his power of articulate 
speech, although he may remain in full possession of 
his mental faculties and be able to think and to write 
intelligently. 

Scientists have observed and noted the effects which 
follow a removal of the cerebrum from animals. It has 
been found that, although the creature continues to 
live, a marked change takes place in its appearance and 
movements. It becomes stupid and utterly indifferent 
to its surroundings. It still possesses the power of 
motion and sensation, but does not use these powers. It 
probably sees and hears, but connects no idea with 
anything seen or heard. It may feel thirsty or hungry, 
but has no idea of quenching its thirst or satisfying its 
hunger. It has no fear and hence has no idea of escap- 
ing any form of danger. In short, its intellectual 
powers are completely lost. 

887. The Cerebellum.— The cerebellum, or little 
brain, lies beneath the back part of the cerebrum and 
is joined to it. Its weight is about five ounces. It is 
composed of both white and gray matter, the gray 
matter lying external, and the white matter internal. 
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Its surface is rough, being marked with numerous 
small, fine convolutions, which dip deeply into it, giv- 
ing its section a peculiar leaf-like appearance. The 
cerebellum is more highly developed in man than in 
any of the lower animals. 

888. Functions of the Cerebellum. — From observa- 
tions and experiments it has been demonstrated that 
a chief function of 
the cerebellum is the 
regulation of move- 
ments. This portion 
of the brain presides 
over all coordinated 
movements, that is, 
those movements re- 
quiring the concerted 
contraction or relax- 
a t i o n of different 
muscles. It does not 
act as the cause or 
originator of such 
muscular move- 
ments, but rather as 
the controller and re- 
strainer of them. If 
the cerebellum is injured or diseased so as to affect or 
derange its functions, those movements requiring a con- 
certed action of several muscles are not produced as 
they should be. 

389. The Medulla Oblongata. — This is the smallest 
division of the brain. It is oblong in shape and meas- 
ures about an inch and a quarter in length, and an inch 
in width. It consists of a mass of white matter, within 




FiQ. 150.— Under Surfacb of thk Beiain. 
A.— Cerebrum. B.— Cerebellum. 

-Medulla oblongata. 



C- 



1.— Olfactory nerves. 2.— Optic nerves. 
Tbe origins of otber cranial nerves are also 
shown. 
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which is imbedded a small mass of gray matter. It 
serves to connect the brain with the spinal cord. 

890. One of the functions of the medulla oblongata 
is to act as a conductor of sensations and motor 
stimulus between the brain and the spinal cord. Its 

most important 
function, however, 
is in its connection 
with the acts of 
respiration. These 
acts are controlled 
entirely by the 
ganglion, or col- 
lection of gray 
matter, within the 
medulla o b 1 o n - 
gata. This gan- 
glion, because it is 
so intimately con- 
nected with the 
maintenance of 
life, is aptly called the ** vital point." If the medulla 
oblongata is destroyed, or even injured, the acts of 
respiration cease and death speedily ensues. 

391. Hygiene of the Brain. — The hygiene of the 
brain is most important. The mental and moral nature 
of a person is dependent upon the condition of his 
brain and nervous system. Proper exercise of the 
brain is as essential to the welfare of this organ as 
muscular exercise is to the muscles. Brain exercise, 
like muscular exercise, must not be carried to excess. 
The brain should not be overtaxed by excessive study, 
nor should it be enfeebled by too little exertion or 




FiQ. 151.- Sectional View op the Brain. 
A —Cerebrum. 
B.— Cerebell um. 
C— Medulla oblongata. 

D.— Fibers connecting tbe two hemispheres of 
the brain. 



Digitized by VjOOQIC 



HYGIENE OI? THE BRAIN*. ^55 

mental effort. Proper muscular exercise and good, 
nutritious diet are also necessary to a healthy brain. 
If the general system is weak and unhealthy it fol- 
lows as a natural consequence that the brain power 
will be feeble. A sound mind must have a sound 
body to dwell in. Pure air, and plenty of it, conduces 
greatly to the health and activity of the brain. Mental 
worry, a free vent to the emotions, as anger, hatred, 
jealousy, etc., and violent mental excitement all tend 
to weaken the mental powers and to exhaust the nerv- 
ous system. 

Self-control is a faculty which should be cultivated 
by all. It aids in the formation of a healthy, clean 
mind, and does much toward producing a strong nerv- 
ous system. 

392. How Alcohol Affects the Brain. — When alcohol 
gains access to the blood-vascular system, the blood 
with which it mingles carries it quickly to all parts of 
the body. A considerable portion of it is carried to* 
the blood vessels of the brain. There it acts as a power- 
ful disturbing element, deranging the action of the nerve 
centers, causing various disorders of the nervous tissue, 
and frequently producing intoxication. Its direct action 
upon the substance of the brain is somewhat similar to 
that which it has upon other tissues, producing inflam- 
mation and congestion, and changing its substance so 
as to prevent the full exercise of its powers. With 
the modern microscope and staining processes these 
changes may be seen. Physicians who have exam- 
ined the brains of persons who have died from accident 
or disease tell us that it is easy to distinguish the brain 
of a drunkard ; it is harder and more resistant to pres- 
sure, and when removed from the cranium preserves 
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its form better than the healthy brain of a temperate 
person. Sometimes, however, a softening of the 
brain occurs, particularly in the gray matter. In other 
cases, by reason of the liquor having already caused 
derangements of the lungs, heart, or kidneys, the brain 
substance becomes distended with accumulations of 
serous fluid. These conditions, as would naturally be 
supposed, are attended with many distressing symp- 
toms, as sleeplessness, delirium, impaired sensibility, 
and stupor; if not relieved or removed, they finally 
end in death. 
898. Alcohol and the Moral Sense. — The use of alco- 
01 tn* jjQ^^ through its action upon the brain, produces disas- 
11 S- trous effects upon the mind and perverts and enfeebles 
iO ^^ the moral sense. "Sentiments of honor, of dignity, of 
D ttie reputation, and of decency cease to be cherished or 
•^ * ' regarded. The amenities of social life and the propri- 
t eties of personal conduct are set at naught. Negligence 
fi. ana ^£ j^uty, selfishness, and indifference to the sentiments 

M off Q ^ •' ' ' 

" ^ of honor characterize the indulger in alcoholic drinks. 

Gradually he loses all right conceptions of justice, of 
honor, and of tinith. The sense of obligation to family 
and friends is forgotten. If his own wants and especi- 
ally his craving for drink are gratified, the necessities 
of those formerly dear to him are no longer regarded. 
Aversion and hatred frequently take the place of love 
and esteem. The man who was once reasonable and 
patient becomes peevish, perverse, and irritable. 
Finally he grows indifferent alike to the joys and sor- 
rows of life ; his moral sense is completely lost, and his 
conceptions of right and wrong are as vague and 
indefinite as are those of a brute." It is this effect of 
alcohol upon the moral sense which makes criminals 
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of men who would otherwise be gentle, kind, and 
law-abiding citizens. Indeed, the majority of those 
who fill our prisons are persons addicted to the alcohol 
habit, and most of the crimes that are committed 
against law and order are directly traceable to the 
influence of strong drink. 

394. Alcohol and the Intellect. — Through the use of 
alcohol the brain is so affected that intellectual power 
is diminished and frequently lost. The slave to alcohol 
is not inclined to mental exertion of any sort. He 
gradually loses the power of consecutive and sustained 
thought upon any subject. It is hard for him to main- 
tain a conversation upon even the most commonplace 
topics. He is unable to comprehend his own degrada- 
tion, and still he has no sense of self-respect. Finally, 
his memory begins to fail, his powers of reasoning and 
of judgment are lost, and he becomes unfit to maintain 
the ordinary relations of life with his fellow men. This 
condition, it is well to remember, has been brought 
about by the action of alcohol upon the tissues com- 
posing the organs that are concerned in the various life 
processes, thereby interfering with the nutrition of 
those organs, and of the entire system, deranging the 
action of the nervous system, and disturbing the brain 
itself. 

896. Alcohol and Insanity. — Alcohol is the most com- 
mon cause of insanity. It is estimated that from fifteen 
to twenty per cent of all the cases of mental disease are 
directly traceable to the effects of alcoholic drinks. One 
of the most frequent forms of alcoholic insanity is that 
known as melancholia. This is accompanied by halluci- 
nations chiefly of hearing. The patient is terrified by 
fancied accusing or threatening voices, and is often 
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impelled to self-destruction. Mania, chronic delirium, 
and dementia, are other forms of alcoholic insanity, 
and these frequently end only in death. 

396. The Alcohol Habit and Heredity. — The appetite 
for alcoholic drinks, like other traits of body and mind, 
is often transmitted from parents to their children. 
In some cases the tendency may be transmitted directly 
from one generation to another ; in other cases it may 
pass over one or more generations, appearing in the 
intermediate periods in some other form. Sometimes 
the descendants of drinking parents have no special 
appetite for alcoholic beverages, but are affected with 
all the symptoms of chronic alcoholism; that is, the 
results of the gratification of the alcohol appetite are 
I transmitted, but not the appetite itself. It is not 
[uncommon to find in such persons perverted sensation, 
(nervous diseases, and indeed all the symptoms of 
j intoxication, even though they may abstain entirely 
^ from drink. The children of persons addicted to indul- 
gence in alcoholic drinks are often puny and diseased 
and feeble, both in body and in mind. 

897. The Nerves Are Injured by Alcohol. — What effect 
does alcohol have upon the voluntary muscles (§ 104)? 
What disorders of motion are attributable to the effects 
of alcoholic liquors? What names are given to the 
nerves which regulate the movements of the heart 
(§ 281)? How does alcohol affect these nerves? 

The use of alcoholic liquors soon has its effects upon 
the nerves, producing disorders of general sensibility 
which vary in their intensity from mere feelings of 
discomfort to paroxysms of pain. Often the sensibility 
of the muscles is impaired or destroyed; at other times 
there is an increased sensibility to pain, such that even 
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the slightest contact with other objects will produce dis- 
comfort. Paralysis of different organs and parts of the 
body often occurs. The indulger in alcoholic drinks 
is also a frequent sufferer from neuralgia due to the 
effects of the poison upon the delicate structure of the 
nerves. 

398. Tobacco Injures the Brain and Nerves. — A very 
frequent cause of injury to the nervous system is the 
use of tobacco. What poisonous element does tobacco 
contain? By which of the excretory organs is it largely 
removed? How does nicotine affect the nerves of 
the heart (§ 282)? How is this likely to affect the 
nutrition of other parts? 

Tobacco affects the nutrition in another way. By 
causing a constant nervous irritability the action of all 
the organs concerned in the conduct of the life processes 
is somewhat deranged, the circulation is impeded and 
assimilation is retarded. Often the inveterate tobacco 
user becomes pale, nervous, and thin; but if he should 
give up tobacco he would probably again become hale 
and hearty. 

899. Cocaine is a poisonous drug, the use of which 
is comparatively modem. The effects of this drug 
upon the body are in many ways similar to those of 
opium. The cocaine habit is even more difficult to 
overcome than the alcohol habit. The use of this 
deadly drug is quickly followed by harmful results. 
The body and mind are, in a very short time, com- 
pletely wrecked, and insanity and death speedily 
follow. 

400. Opinm, Chloral, and similar drugs are dangerous 
to the life, but being sleep-producing agents, are often 
resorted to by persons to such an extent that after a 
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time their use becomes a habit which is most difficult 
to overcome. All such drugs have a harmful effect 
upon the system, interfering in various ways with the 
life processes and doing permanent injury to vital 
organs. They render the user weak and unhealthy, 
both physically and mentally. They should never be 
used except by the order of a physician who can closely 
watch their effects. 



XL.— THE SPINAL CORD. 

401. Where is the spinal cord situated? How is 
it protected? What is the spinal column? Of what 
is it composed? How is it united with the cranium? 
How are the vertebrae united with one another? 

The spinal cord is composed of the nervous tissue 
situated within the spinal canal. It occupies the upper 
two-thirds of the spinal canal, and terminates below 
in a slender gray filament, the Jilum terminale. The 
weight of the spinal cord is about one and a half 
ounces. It is divided, by fissures running longitudi- 
nally, into different sections, called columns of the 
cord, each of which has its peculiar functions. 

402. The spinal cord acts as a conductor of sensa- 
tions and motor stimulus, between the brain and the 
spinal nerves. The fibers which do the conducting, 
cross each other at the base of the brain, in the medulla 
oblongata, those from the right side of the cord going 
to the left side of the brain, and vice versa. Thus it 
happens that an injury to one side of the brain may 
produce paralysis of the opposite side of the body. 
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Besides acting as a con- 
ductor, the spinal cord 
also acts, by virtue of 
its gray matter, as a 
nerve center. In the 
cord, the white matter 
lies external, the gray beiiim; 
matter internal. How spinai 
do they lie in the 
brain? 

403. Keflex Move- 
ments. — As a nerve cen- 
ter, the spinal cord is 
capable of originating 
nerve force, and by this, 
of producing m o v e - 
ments. These move- 
ments are of a peculiar 
kind called reflex^ and 
are entirely independ- 
ent of the brain, and 
therefore of thought 
and of the will. If the 
cord becomes diseased 
or injured so that its 
connection with the 
brain is interrupted, all 
power of voluntary mo- 
tion is lost in the lower 
part of the body. Reflex 
motion, however, still 
exists, and by certain 
irritations or stimuli 




FiQ. 



152.— Skction Showing the Bbain 
AMD Hpinal Cord. 
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this class of involuntary movements continues to be 
produced. 

404. A Few Examples of Keflex Motion. — The sudden 
application of heat or cold to a part of the body causes 
certain muscles to contract, thus removing the part 
from the source of irritation. 

The expectation or danger of injury often causes the 
sudden throwing up of the hands. 

A sleeping person will frequently roll and toss, being 
totally unconscious of such movements. 

An unconscious person will sometimes swallow 
water, if it be put to his lips. 

Reflex movements, then, are a peculiar class of 
movements produced independently of any action of 
the brain, and without the concurrence of thought or 
of the will. They are of much importance in the vital 
economy, especially in protecting the body from exter- 
nal injury. 

406. Practical Review. — If the different parts of the 
digestive system should fail to perform their functions 
harmoniously, what would be the result? 

If the heart should fail to send its venous blood to 
the lungs, or if the lungs should fail to inhale 
oxygen for the purification of the blood, what would 
follow? 

What system of organs and parts brings about the 
harmonious performance of all these vital processes? 

Can the heart say to the head, **I have no need of 
you,** or the head say to the heart, *'I have no need of 
you"? Why? Explain fully. 

What part of the brain is exercised most while study- 
ing deeply upon some subject requiring thought? 

Describe how the brain assists one in walking. 
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What names are applied to the two general divisions 
of the nervous system? 

From what two words is the word cerebrospinal 
derived? What is its meaning? 

What are the two chief centers of the cerebro-spinal 
system? By what is each inclosed and protected? 
What forms the connecting link between them? 

It is believed by physiologists that alcohol, having 
once found its way into the blood, circulates throughout 
the whole organism, being the most abundant in those 
parts which are the most abundantly supplied with 
blood. About one fifth of all the blood in the circula- 
tion goes to the brain. This being so, which of all the 
organs is likely to suffer the most from the effects of 
alcoholic liquors? 

Physicians have detected alcohol in the blood vessels 
and the thoracic duct within a minute and a half after 
it was taken into the stomach. How soon after strong 
liquor is drunk are its effects likely to be apparent in 
the brain? Explain. 

Since alcohol is so injurious to the brain substance, 
is it reasonable to suppose that the spinal cord is not 
also seriously harmed by it? 



XLI— THE NERVES. 

406. By what means do the brain and spinal cord 
exert their controlling influence over other parts of 
the body (§ 378)? In our study of the bones, the 
muscles, the great nutritive systems, and indeed nearly 
all the various tissues comprising the human system. 
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we have everywhere observed the presence of nerves. 
With the exception of only the epidermis, the hair, 
and the nails, there is no portion of the body in which 
they are entirely absent. It is through them that the 
cerebro-spinal centers are informed of the condition 
and necessities of all the organs and tissues; it is 
through them that these same centers exercise their 
regulating and controlling in- 
fluence. 

407. Illustrations.— The 
brain may be likened to the 
central office of a complex tel- 
egraph system; the nerves to 
wires conveying information 
and commands to and froiri 
innumerable outlying stations. 
Suppose that, in the mind, a 
wish to walk is conceived. Im- 
mediately from that portion of 
the brain which has control of 
locomotion, the proper stim- 
ulus is conveyed through the 
nerves to the exact muscles 
that must be set to work to 
produce the desired move- 
ments. At the same time the cerebellum exercises its 
powers to regulate and harmonize the action of the 
muscles, so that each performs its functions at precisely 
the right time and in precisely the right manner. 

Suppose that a needle accidentally pricks your finger. 
However fine its point may have been, the nerves are 
everywhere so thickly interlaced that at least one must 
have been touched by it. Instantly that nerve tele- 




Fie. 168.— A NsBVi: akd its 
Bbanchbs. 
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graphs to the brain the news of the injury, and as 
instantly the brain sends to the muscles of the hand 
and the arm the stimulus which causes the quick 
removal of the finger from the place of danger. It is 
all done so quickly that thought has no part in it. 

408. Structure of the Nerves. — Now let us learn 
something about the 
structure and peculiar- 
ities of these channels 
of nervous impressions 
and influence — the 
nerves. To the eye, 
such as can be seen ap- 
pear as white, glossy 
cords of various sizes, 
dividing and subdivid- 
ing into branches which 
are distributed to all 
parts of the body. 
These branches soon 
become too minute to 
be distinguished by the 
vision, and too numer- 
ous to be reckoned by 
number. The nerves, 
whether larger or 
smaller, are composed 
of bundles of nerve fibers bound together and enclosed 
in a fibrous tissue. 

Is nerve tissue of the white variety or the gray? 
What is the function of the white matter? Of the 
gray? (§ 379). 

409. Classes of Nerves. — According to their proper- 




Fio. 154.— Nkrves Supplyino th» 

Shoulder and Arm. 

1, 1.— Artery. 2, 2.— Nerves. 
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ties nerve fibers are of two classes; those of one class 

conduct sensation, those of the other class conduct 

motor stimulus from the cen- 
ters of nervous power. 
Nerves of the former class 
are called sensory nerves; 
those of the latter are called 
motor nerves. 

A nerve is usually a mixed 
nerve ^ that is, it contains both 
motor and sensory nerve 
fibers. Occasionally, how- 
ever, a nerve is either wholly 
sensory or wholly motor. 

If a nerve containing both 
motor and sensory fibers be 
divided, the parts to which 
that nerve is distributed are 
rendered incapable of both 
motion and sensation, until 
it becomes healed and its 
parts are united again. 

Nerves connected with the 
cerebro-spinal system are 
called cerebro-spinal nerves. 
Those connected with the 
sympathetic system are 
called sympathetic nerves. 

410. The Spinal Nerves. — 
Most of the cerebro-spinal 

nerves have their origin in the spinal cord and are 

c?i\\ed, spinal nerves* (Fig. 155.) 

The spinal nerves supply approximately all of the 




Pio. 155.— How THE Spinal Nbrvss 

ABE eiVEN OFF FROM THE 

Spinal Cobd. 

A, At A.— Anterior roots. 

P, P, P.— Posterior roots. 

c, d.— Filaments passing between 
tbe posterior roots. 

g. Kf g.— Ganglions of posterior 
roots. 

M, M.— Nerves formed by union of 
two roots. 

(Tbe size of tbe roots is not so large 
in nature as bere represented.) 
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body except the head. They have both motor and 
sensory properties, that is, they supply the parts with 
both motion and sensation ; and they act as conductors 
between the spinal cord and the parts supplied by them. 

There are thirty-one pairs of spinal nerves, each of 
which rises from the spinal cord by two roots, an 
anterior and a posterior. After leav- 
ing the spinal canal, the two roots 
join and their fibers form but a sin- 
gle nerve trunk. The posterior root 
has upon it a small enlargement 
which consists of a collection of gray 
matter forming a small ganglion. 
This ganglion does not exist upon 
the anterior root. The fibers which 
pass through the anterior roots and 
those which pass through the pos- 
terior roots have different charac- 
teristics, the anterior set being mo- 
tor, the posterior sensory. 

411. If a spinal nerve be di- 
vided, the parts to which it is dis- 
tributed lose their power of motion 
and of sensation. If, however, 
merely the anterior root be divided, those parts lose 
only their power of motion ; and if only the posterior 
root be divided, they lose their power of sensation, 
but not of motion. These facts prove beyond a doubt 
that in the process of conduction, sensations are con- 
ducted by the nerve through its posterior root to the 
spinal cord, and motor stimulus is conducted from the 
spinal cord through the anterior root of the nerve to 
the parts. 




Pio. 156.— Obigik of 

Spinal Xbbyes in thb 

Spinal Cobd. 

b, b.— Anterior roots. 

c, c— Posterior roots. 

d, e. — Fissure dividing 
the spinal cord longitudi- 
nally. 

a.— Central canal of the 
cord. 
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FiQ. 157.— Spinal Nerve Cominq from 
THE Spinal Cord. 



All voluntary motions derive their motor stimulus 
from the brain ; the motor stimulus which originates in 
the spinal cord, concerns that class of involuntary 
movements which are called reflex. What is meant 

by reflex movement 
(§ 403)? Give familiar 
examples of reflex 
movement (§ 404). 

412. The Cranial 
Nerves. — Nerves which 
have their origin in the 
brain are called cranial 
nerves. There are nine pairs of these nerves. They 
serve to supply the head and face with the power of 
motion and sensation, and also act as special nerves 
of taste, smell, hearing, and seeing. The anatomy of 
these nerves, as 
compared with 
that of the spinal 
nerves, is very 
complex. 

Some of the 
cranial nerves are 
entirely sensory, 
some entirely mo- 
tor, and others 
both sensory and 
motor. Those which are known as nerves of special 
sense are able to conduct to the brain only certain 
peculiar sensations — taste, smell, sound, light — and 
are not endowed with general sensibility. Such of the 
cranial nerves as have sensory properties have upon 
their roots a collection of gray matter called a ganglion. 




Fio. 158.— A Ganglion. 
b, b, b, b.— Nerve fibers coming from it. 
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The most widely distributed of the cranial nerves is 
the fifth pair. It supplies almost the whole face with 
general sensibility, besides supplying most of the 
muscles of the jaw and mouth. The branch of this 
pair which supplies these muscles is called the nerve 
of mast tea- 
Hon, 

413. The 
Facial Nerve 
is a part of 
the seventh 
pair of era- j 
nial nerves. 
It is a motor 
nerve, and 
supplies and 
presides over 
the m o V e- 
ments of the 
s u p e r fi c ial 
muscles of 
the face. It 
is also called 
the nerve of 
expression, 
for by it the 
various and 

numerous facial expressions are made possible. If this 
nerve should be divided or lose its power of conduc- 
tion, the face would be rendered expressionless, for 
its muscles would not then be capable of contraction. 

414. Others of the cranial nerves supply other parts 
of the head and face ; the auditory nerve is the nerve 




Pio. t59.— Branches of the Cranial Nerves Supply- 
iNQ THE Head and Face. 



Digitized by VjOOQIC 



270 HUMAN PHYSIOLOGY AND HYGIENE. 

of hearing; the optic nerve is the nerve of seeing, or 
sight ; the olfactory nerve is the nerve of smell. 

As before remarked, the minute anatomy of the 
cranial nerves is very complex, so much so that its 
further study belongs properly to medical students 
and specialists. 



XLIL— THE SYMPATHETIC SYSTEM. 

416. The sympathetic system, like the cerebro- 
spinal system, is composed of nerves and nerve cen- 
ters, or ganglia. The ganglia are composed of masses 
of gray nervous tissue. There are thirty pairs of 
them, arranged in two chains within the body, one 
chain upon either side of the spinal column. These 
ganglia are all united to one another, and from them 
arise the sympathetic nerves, which, like the nerves of 
the cerebro- spinal system, are composed of white, or 
fibrous, nervous tissue. The sympathetic nerves are 
distributed to the mucous membranes, to the walls of 
the blood vessels, and to all the organs concerned in 
the nutrition of the body, as the stomach, intestines, 
liver, salivary glands, etc. They are distributed to 
involuntary muscular tissue, and govern its move- 
ments. 

416. Mention has already been made of that class 
of sympathetic nerves called vaso- motor nerves. 
Where are they distributed (§ 300)? What is their 
special function? What effect does alcohol have upon 
these nerves (§ 304)? Suppose that their power should 
be entirely destroyed, how would that affect the circu- 
lation of the blood? 
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417. The sympa- 
thetic system governs 
all acts of secretion and 
all nutritive processes; 
it equalizes the circula- 
tion of the blood in the 
body; it has a marked 
effect upon the main- 
tenance of the bodily 
heat; and through it 
certain reflex actions 
operate. 

418. Review.— What 
are the two great divi- 
sions of the nervous sys- 
tem? 

In what respects do 
they chiefly differ from 
each other? In what 
respects do they resem- 
ble each other? 

Which of the two 
acts independently of 
the will? Are there any 
parts of the other which 
so act? 

What two kinds of 
nervous tissue are 
there? How do they 
differ from each other 
i n construction ; i n 
functions? What part 
of the nerves controls 




PiQ. 160.— The Sympathetic Nervous 
System of One Side of the Body. Show 
iNO ITS Connection with the Cebebbo- 
Spinal System. 
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or regulates the beating of the heart ; the circulation 
of the blood; the respiration? 

What part is active in the operations of the mind ; 
in sudden movement when danger threatens ; in the 
act of chewing food; in the digestion of the food? 

Explain how a part of the body may lose all power 
of motion and still possess sensation. Explain how a 
part may be affected in exactly the opposite way. 

Tell how an injury to the left side of the brain may 
produce paralysis of some portion of the right side of 
the body. 

What parts of the nervous system compose the 
cerebro-spinal axis? In what respects do the centers 
of the cerebro-spinal system differ from the centers of 
the sympathetic system? 

What do you understand by nerve force ; by niotor 
stimulus? 

What is the nerve of expression? 

How many pairs of nerves are there in the cerebro- 
spinal system? What do you understand by a pair of 
nerves? 

What relative positions have the white and the gray 
matter in the brain; in the spinal cord? 

Of what are ganglia composed ? Where are the 
ganglia of the sympathetic system? 

What is meant by reflex motion? Give examples. 



XLIIL— THE SPECIAL SENSES. 

419. The brain has been spoken of as the seat of 
the intellectual faculties. It is the organ of conscious- 
ness, not only presiding over all the life processes and 
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voluntary molions, but being the center through which 
the mind is made cognizant of external objects and 
phenomena (§ 386). 

420. There are five channels by which a knowledge 
of things apart from ourselves is obtained and 
impressions of their appearance and character are con- 
veyed to the brain. These are called the special senses^ 
or sometimes merely the five senses. They are known 
respectively as (i) feeling or touch; (2) taste; (3) 
smell; (4) hearing; (5) seeing or sight. Each acts 
through a set of three structures: an end organ, or 
peripheral structure; sensory nerves; and a central 
organ, or the brain. 

The end organs through which the sense of feeling 
acts, are the touch corpuscles of the skin. The end 
organs of the sense of sight are the eyes. 

What are the end organs of the sense of smell; of 
hearing; of taste? 

421. The sensation is received by the end organ ; it 
is transmitted by the sensory nerve ; it finds its des- 
tination in the brain. A stimulus, no matter of what 
character, when applied to the special nerves of any one 
of the organs of sense, excites only that particular 
sensation for the production of which the organ was 
intended. For example, a stimulus may be applied to 
the special nerve of the organ of sight, the eye, either 
by contact with waves of light, by electrical influence, 
or by the force of a sudden blow; but in each case the 
only sensation conveyed to the brain is that of a vision 
of light. And so it is with the ear, the nose, the 
tongue, the skin. General sensation also exists in these 
organs because of the distribution there of sensory 
nerves. 
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XLIV.— THE SENSE OF TOUCH. 

422. The Skin as an Organ of Touch and Feeling. — 
Describe the skin as a protective organ (§ 137) ; as an 
excretory organ (§361). What are the papillae of the 
skin? Describe their appearance and arrangement. 
The sensation of touch resides principally in the skin, 
where are located the terminal bulbs, or touch corpus- 
cles of the sensory nerve fibers. These corpuscles are 
in the papillae. 

423. Other surfaces besides the skin — as that of 
several mucous membranes, of the eyeball, and of the 
cavities of the nose — possess this sense in various 
degrees. The terminal corpuscles are much more 
numerous and lie nearer the surface in sopie parts 
than in others; hence the acuteness of touch varies 
with the location. The eye is exceedingly sensitive, 
as is also the tip of the tongue. That kind of touch by 
which we appreciate the form and size of difi;erent 
objects is most highly developed in the hands and 
especially on the lower, or inner surface, of the 
fingers. 

424. The sense of touch is capable of considerable 
improvement by persistent education. Blind persons 
usually have this sense developed to a wonderful 
degree, being able to appreciate the size and form of 
objects almost as well by touch as others appreciate 
them by sight. 

425. The sensations of heat and cold are conveyed 
to the brain chiefly through the touch corpuscles and 
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the sensory nerves, of which they are the termini. 
There is also a peculiar power, possessed in a greater 
degree by some persons than by others, of distinguish- 
ing the weight and other physical properties of bodies 
simply by the touch. This is called by some physi- 
ologists the muscular sense. 

426. It is well to bear in mind the distinction 
between the sense of touch when the impressions are 
received through the end organs of the sensory nerves, 
as above described, and the same sense when the 
impressions are produced by direct contact with or 
injury to the sensory nerves themselves. In the latter 
case it is generally called the sense of feelings but it 
and touch are only different forms or manifestations of 
the same sense. 

427. Fain. — Feeling may exist wherever there is a 
sensory nerve. It is the message which these nerves 
send to the brain informing it of injury or imminent 
danger to the parts which they supply. In its acute 
manifestation it is called pain. Touch, in its restricted 
meaning, exists only on the surfaces of different 
parts, and its message is rather one of information 
than of alarm and warning. 

Since the impression of touch is received at the 
end organs of the nerves, the mind generally con- 
ceives of feeling as also originating at the nerve 
extremities. This accounts for the fact that persons 
who have lost a leg or an arm sometimes, long after 
the accident has occurred, imagine that they feel pain 
or a tickling sensation in the toes or fingers which are 
no longer in existence. 

428. How Alcohol Affects the Sense of Touch.— The 
use of alcoholic drinks has a paralyzing influence 
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Upon the nerves of touch. Experiments have proved 
that a small quantity of alcohol introduced into the 
system almost immediately diminishes the acuteness 
of this sense, rendering the person unable quickly to 
recognize the contact of an object with the skin. 

429. In what respect may pain be regarded as 
beneficent? 

What would be likely to result if there were no such 
thing as pain? 

Name some parts of the body in which the sense of 
touch is very acute. 

Explain the pain which is felt in case of toothache. 

Cases are on record of persons who have bathed in 
water so hot that the cuticle has been removed, and 
yet without feeling pain. Explain how such can be. 



XLV.— THE SENSE OP TASTE. 

430. Taste — or gustation — is a sense very closely 
allied to that of touch. It is more limited in its range, 
being confined to the tongue and upper and back part 
of the roof of the mouth and taking cognizance of only 
certain qualities of substances, as their sweetness, 
sourness, bitterness, or peculiar flavors. 

There are two nerves which preside over this sense 
and convey the impressions of taste to the brain; one 
of these is a branch of the eighth pair of cranial nerves, 
the other a branch of the facial nerve. 

481. The Tongue. — Describe the tongue (§204). 
How does it assist in the mastication of the food? 
Of what kinds of motion is it capable? 
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It is supplied with other nerves besides those of 
taste; for example, the hypo-glossal nerve which sup- 
plies its muscular structure is concerned chiefly with 
its power of mo- 
tion. Name three 
different functions 
performed by the 
tongue. 

482. The mu- 
cous membrane of 
the tongue is a 
part of the general 
mucous lining of 
the mouth. Its 
upper or free sur- 
f a c e is covered 
with multitudes of 
minute elevations 
called the papillae 
of the tongue. 
These papillae are 
of various forms, 
and they are pen- 
etrated by the ter- 
minal branches of 
the nerves of taste. 
In connection with 
these terminal 
branches are nu- 
merous minute bodies, 
called gustatory bulbs. 
taste chiefly resides. 

433. The Quality of Taste. — A substance, in order 




Fra. 161.— Thib Human Tongub. 
(Showing also the back part of the mouth.) 
a.— The palate. c— Epiglottis, 

b.— Tonsil. d, e, f.— Papillse. 



very complex in structure, 
It is here that the sense of 
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to have taste, must be to a certain extent soluble, so 
that particles of it may be absorbed into the mucous 
membrane of the tongue sufficiently to reach the 
gustatory bulbs or terminal ends of the nerves distrib- 
uted there. 

Different parts of the tongue appreciate different 
kinds of taste; thus one part appreciates sourness, 
another sweetness, one part saltiness, another bitter- 
ness. Some foods are of such a character that their 
taste or flavor is appreciated by both the sense of taste 
and that of smell. These substances are said to possess 
an aroma, which cannot be appreciated by the sense 
of taste alone. Thus it is that persons whose sense of 
smell is defective are unable to appreciate the delicate 
flavors of certain foods. 

484. The sense of taste is of great use to us. It 
enables us to distinguish between wholesome and 
unwholesome foods, and on account of its close sym- 
pathy with the stomach, warns us of those articles 
against which the stomach will rebel. The sense of 
taste is also a valuable assistant to the process of diges- 
tion ; pleasant tastes and flavors greatly increase the 
flow of saliva, and thus aid in preparing the food for 
the action of the stomach. This sense can be edu- 
cated to a great degree. It is very acute in some 
cases; some persons being able to detect delicate 
flavors which others can not. 

The sense of taste is also often cultivated, so that 
articles of food which are intensely disagreeable to one 
person may be very pleasant to another. It may be 
injured and partially destroyed by indulgence in alco- 
holic drinks, by the use of tobacco, and in various 
other ways. 
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XLVI.— THE SENSE OF SMELL. 

436. The Nose. — The sense of smell resides in the 
mucous membrane of the nose. The nose is really a 
double organ, its interior being divided by a partition, ^ 
partly of bone, partly of cartilage, into two parts. The 
walls of the nasal cav- 
ity are formed of bone 
and cartilage, and are 
lined by a mucous mem- 
brane which is called 
the Schneiderian mem- 
brane. This membrane 
is continuous with the 
mucous membrane lin- 
ing the air passages, and 
is soft and velvety. In 
that portion lining the 

-^ r xt. "x ^'^®* 162.--SBCTION Showing the Interior 

Upper part oi tne cavity of the nosb and the distribution of the 

^ ,- ... .- Olfactory Nerve. 

of the nose are distrib- 
uted filaments of the special nerve of smell, the 
olfactory nerve. The filaments of this nerve pass 
downward, from the cranial cavity, through the sieve- 
like portion of the ethmoid bone. The olfactory nerves 
constitute the first pair of cranial nerves, and their only 
function is to serve as the nerve of smell. Any stimulus 
applied to them is appreciated only as the sense of 
smell. Branches of the fifth pair of cranial nerves are 
also distributed to the mucous membrane of the nose 
and give to it the property of general sensibility. 
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436. From every odorous substance are given off 
exceedingly small particles of matter, which, being 
drawn into the nose, touch the mucous membrane 
where the olfactory nerve filaments are distributed, 
and there produce a peculiar stimulus, which, being 
conducted to the brain, is appreciated as smell. 

437. Normally, the sense of smell is very acute, 
but to have a normal sense of smell the Schneiderian 
membrane must be in a healthy condition. Colds 
have a particular effect upon this membrane, congest- 
ing it and interfering with its functions. The inhala- 
tion of irritant gases, as ammonia, and the use of 
tobacco, either smoking it or using it as snuff, are also 
detrimental to sense of smell. 

In what way does tobacco smoke affect the mucous 
membrane of the nasal passages? In what way are 
the nerves generally affected by alcohol? The use of 
alcoholic drinks tends to impair to a greater or less 
extent the sense of smell. Persons who have long 
been addicted to the alcohol habit are very frequently 
incapable of perceiving even the most powerful odors. 

438. The sense of smell is very important to our 
welfare. Not only does it give us pleasure by enabling 
us to detect agreeable flavors in food and delicate 
odors from flowers and perfumes, but it warns us 
against unfit food, unfit surroimdings, and poisonous 
gases in the air we breathe. 

439. The nose being the seat of the sense of smell, 
and the mouth of taste, care should be taken to keep 
both these organs in a healthy condition. This condi- 
tion is much affected by the general health of the body. 
In order that the sense of smell may be fully exercised 
it is necessary that the lining membrane of the nose 
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should be clean and moist. If it is dry or covered 
with too thick a mucus, as in catarrh, the power of 
perceiving odors is partly if not entirely lost. One 
may become so accustomed to an odor, even a disa- 
greeable one, as to become insensible to its presence. 
This is because the membrane becomes quickly coated 
with a thin layer of matter which prevents the odor 
from i)enetrating to the olfactory nerves. As a general 
rule, one should avoid either smelling or tasting acrid 
and irritating substances, for these are sure to affect the 
delicate nerves of both the nose and the tongue. 



XLVIL— THE SENSE OF HEARING. 

440. The Ear is the special organ of hearing. Its 
anatomy is very complex, and we shall describe only 
its most important features. It is composed of three 
parts or sections : (i) The external ear, (2) the mid- 
dle ear, (3) the internal ear. 

441. The External Ear. — With the appearance of 
that portion of the external ear which projects from 
the side of the head, we are all familiar. This part of 
the external ear is called the pinnae or auricle. It is 
composed of cartilage, covered over by the skin. From 
the pinna, a circular canal about one and a quarter 
inches long proceeds inwards. This canal is called the 
external auditory meatus^ and together with the pinna 
forms the external ear, 

442. The Middle Ear. — The external auditory mea- 
tus extends inwards as far as to the drum of the ear, 
or membrana tympani^ and here is situated the middle 
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ear^ or tympanum. The tympanum is an irregularly 
shaped cavity situated within the temporal bone 
between the membrana tympani and the internal ear. 
At its anterior wall the tympanum communicates, by 
means of a cartilaginous tube, or canal, with the upper 
part of the pharynx. This tube is called the Eusta- 
chian tube and through it, air is admitted to the cavity 

of the mid- 
dle ear. Air 
in this part 
of the ear is 
a necessity to 
the proper 
conduction of 
sound. With- 
in the cavity 
of the tym- 
panum are 
three minute 
bones, the 
incuSy stapeSy 
and malleuSy 
which are so 
united as to 
form a con- 
tinuous chain 

from the membrana tympani to the internal ear. 
443. The membrana t3mapani, or drum of the ear, is 
a thin, delicate membrane, stretched across the inner 
end of the external auditory meatus, separating the 
external from the middle ear. The outermost one of 
the small bones is in contact with it, so that when the 
sound waves are collected by the pinna and are directed 




Fio. 163— Section of the Ear. 
n.— Auditory canal. 1, 2, 3.— Bones of the middle ear. 



o.— Drum of the ear. 
p.— Tympanum or mid- 
dle ear. 



4, 5, 6, 7.— Internal ear. 
8.— Auditory nerve. 
1. —Eustachian tube, 
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through the external meatus to the drum of the ear, 
the vibrations here produced are transmitted through 
the chain of bones to the internal ear. Attached to 
the small bones are minute muscles, which, by their 
action, tighten or relax the drum of the ear, thus adapt- 
ing it to the reception of sound waves of different 
intensities. 

444. The Internal Ear. — The internal ear, called 
also the labyrinth^is situated 
within the temporal bone, 
just internal to the tym- 
panum. It consists of three 
parts, called the vestibule^ 
the semicircular canals^ and 
the cochlea. The vestibule 
is an oval shaped cavity, 
communicating in front 
with the cochlea and be- 
hind with the semicircular 
canals. There are three sem- 
icircular canals^ and these 
open into the vestibule by 
five openings. The cochlea 
is a small cavity, resembling in shape a snail shell. 
Internally it is divided into two parts or chambers 
which communicate in a curved channel at the top of 
the cochlea. 

The three cavities comprising the internal ear are 
bony cavities. Within them are suspended second cav- 
ities with membranous walls, which are called mem- 
branous cavities, there being a membranous cochlea, a 
membranous vestibule, and membranous semicircular 
canals. These are filled with a clear fluid called the 




Fig. 164.— SixynoN of the Middlb 

AND iKTEBMAIi EaB 

m.— Middle ear, showing the three 
small bones. 
v.-Veetibule. 
s.— Semicircular canals, 
c— Cochlea, 
e.— Eustachian tube. 
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endolytnph. The nerve of hearing is the auditory 
nerve, and its filaments are distributed, in a compli- 
cated manner, in the walls of the cochlea. 

445. The Act of Hearing. — In itself this is a simple 
operation. Sound results from the action of peculiar 
wave-like movements in the air, called sound waves. 
These vary in quality and quantity in different quali- 
ties of sound. They are collected by the pinna and 

directed through the external 
auditory meatus to the drum 
of the ear. By their striking 
upon this, it is made to vibrate ; 
these vibrations are trans- 

Fio.i65-THiccocH.i^. ^^"^^ through the chain of 
bones in the middle ear, to the 
liquid of the labyrinth, thence through this liquid to 
the terminal filaments of the auditory nerve. Here a 
peculiar stimulus is produced which, being conducted to 
the brain by the auditory nerve, is appreciated as sound. 

446. Deafness may result from a variety of causes. 
The middle ear may be diseased and transmission of 
sound vibrations through the bones thus be prevented. 
The internal ear may be diseased, or the membrana 
tympani may become ruptured, or the auditory nerve 
itself may be .affected. In general, any condition of 
the ear which prevents the free transmission of the 
sound waves or vibrations through the whole ear, inter- 
feres to a greater or less extent with the sense of 
hearing. 

447. Injuries to the Ear. — The ear, being an organ 
of much delicacy, needs the greatest care. Never 
attempt to clean the ears or remove the wax from them 
with any pointed instruments, as pins, toothpicks, ear- 
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spoons, etc. Abrasions leading to serious inflamma- 
tions may be caused in this way. The use of warm 
water will serve to remove any surplus wax that may 
accumulate in the ear. 

Care should be exercised not to allow very cold 
water to enter the ear. The ears should be bathed 
with warm water, not cold, and should then be thor- 
oughly dried. 

Aside from rupture of the ear-drum, there is scarcely 
a symptom of defective hearing which is not traceable 
directly to the condition of the nose or throat. It is 
said that the use of smelling salts is one of the most 
prolific causes of deafness, operating by weakening the 
olfactory nerves, and through them the auditory sys- 
tem. All strong or pungent odors should be avoided 
as far as possible, especially those which act upon the 
secretory processes, and, as the popular expression 
goes, **make the nose run." 

The use of tobacco often injures the sense of hearing. 
It affects the throat and the Eustachian tubes, pro- 
ducing an inflammation which extends into the ear, 
seriously affecting the delicate parts. The use of 
alcohol frequently has a similar effect. If one would 
have a delicate sense of hearing he should not indulge 
in the use of either tobacco or alcohol. 



XLVIII.— THE SENSE OF SIGHT. 

446. The Eyes. — ^The eyes are the special organs 
of sight. They are globular organs situated in the 
orbital cavities of the skull. They are imbedded in 
adipose tissue, and attached to them are several small 
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muscles, which hold them in place and which, by their 
action, produce the various motions of which the eye- 
balls are capable. 

The eyeball is spherical in form, and consists of a 
thin wall enclosing a clear, translucent substance. 
The wall of the eyeball is composed of three layers 
or coats, an outer, a middle and an internal. (See 
Fig. 1 68.) 

449. The Sclerotic Coat. — ^The outer coat is called 
the sclerotic coat. It completely surrounds the eyeball, 

forming the white of 
the eye' and the trans- 
parent portion seen on 
the anterior surface of 
it; the latter is called 
the cornea. The scle- 
rotic is the protecting 
coat of the eye, and is 
dense and tough in its 
composition. 

460. The Choroid 
Coat. — The middle coat 
is the choroid coat. It 
covers the whole of the 
eyeball except where the cornea is situated, and lies 
just internal to the sclerotic coat. Anteriorly, the 
choroid coat is gathered into numerous folds which 
are continuous with the iris^ a sort of circular curtain 
situated within the eyeball just behind the cornea. It 
is the iris which gives the characteristic color to the 
eyes. The choroid coat is a delicate membrane, freely 
supplied with blood vessels, and is deep black in color. 
451. The Pupil. — At the center of the iris is a small, 




Fig. 166.— Thb Eyb. 
a.~NasaI duct for the passage of tears Into 

the nose, 
b.— Cornea. 

c— Position of tear gland, 
d.— Pupil, 
e.— Sclerotic coat of the eye. 
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circular opening called the pupil of the eye, through 
which the rays of light are admitted to the interior of 
the eye. This opening is capable of being slightly 
increased or diminished in size, 
thus controlling the amount of 
light admitted through it. 

462. The Betina. — The internal 
coat of the eyeball is called the 
retina. This is the most delicate 
and most complex of the three 
coats. In this membrane are dis- 
tributed, in a very complex man- 
ner, the terminal filaments of the 
optic nerve, the special nerve of 
sight. Here the sensations of 
light are produced. Any irrita- 
tion of the optic nerve will pro- 
duce only sensations of light. The 
sensation of pain, following a blow 
upon the eye, is not felt in the 
optic nerve, but in other nerves 
of general sensation which are 
distributed to the eyeball. 

463. Within the eyeball are sit- 
uated three different translucent ^lo. le? -structure of 

THE Betina. 

substances: the aqueous humor, A.-Layer of rods and 
the crystalline lens, and the vit- b, b, B.-Di8tiiict layem 

•^ ' of nerve cells. 

reous humor. 

The aqueous humor is a thin, 
watery liquid. It is situated within the space between 
the cornea and the crystalline lens. This space is 
called the anterior chamber of the eye, and is quite 
small, containing but a minute quantity of fluid. 




C— Fibers of the optic 
nerve. 
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The crystalline lens is a structure situated just pos- 
terior to the iris and the anterior chamber. It is of a 
somewhat solid consistency and is enveloped by a thin 
membrane called the capsule of -the lens. 

The crystalline lens is perfectly transparent, and is 
double convex in shape. Just in front of it is hung 




Pia. 168— DiAQBAM Rbpeesbntinq a Vbbtical Section op the Eye. 



1. 

2.— Aqueous humor. 

8.-PupU. 

4.-Irl8. 

5.— Crystalllue lens. 



6.— Ciliary processes. 
7.— Canal around the lens. 
8.— Sclerotic coat. 
9.— Choroid coat. 
10.— BeUna. 



11.— Vitreous humor. 

12.— Optic nerve. 

18, 14. 15.— Muscles of the 

eyeball and ^elid. 
16.— Upper eyelid. 
17.— Lower eyelid. 



the iris, which, by means of the pupil, regulates the 
amount of light that passes through the lens into the 
interior of the eye. 

Just back of the crystalline lens is a large cavity 
called the posterior chamber, which contains the vit- 
reous humor of the eye. This humor is a translucent, 
jelly-like substance, and fills the entire cavity of the 
eyeball back of the crystalline lens. 
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454. The Optic Nerve. — The special nerve of 
sight is the optic nerve. Arising from the brain, this 
nerve enters the orbital cavity and pierces the eyeball 
at its posterior part. Its terminal fibers are distributed 
and end in a peculiar, complex manner in the retina. 

466. Outside of the Eyeball. — The muscles of the 
eyeball are small mus- 
cles attached to the 
sclerotic coat, about its 
circumference. There 
are six of these muscles 
to each eye, and their 
contraction moves the 
eyeball in various direc- 
tions, upward, down- 
ward, outward, inward, 
obliquely. 

The eyelids are two 
small movable curtains 
which serve as a pro- 
tection to the anterior 
portion of the eyeball. 
Lining them is a deli- 
cate mucousmembrane, 
called the conjunctiva^ 
which is reflected so as 

to cover the anterior surface of the eyeball. This 
membrane is very sensitive, and becomes congested by 
the striking of any foreign particles against it. 

466. The Tears. — ^Just at the outer part of the roof 
of the orbital cavity is situated a small gland called the 
IcLchrymal gland. The function of this gland is to 
secrete a watery fluid, the tears, which, passing 




I.— Sbction of thk Eyk. 



1, 2, 3, 4, 5.— Muscles of the eyeball. 

6, 7, 8, 9.— Lacrymal gland, with its ducts. 
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through a small duct, are poured upon the surface of 
the eye and serve to keep it moist and prevent friction 
between it and the eyelids. This fluid is being con- 
stantly supplied to the surface of the eye, and is drained 
from it by means of two minute ducts, or tubes, called 
lachrymal tubes ^ which open at the inner angle of the 
eyelids. These tubes open into a larger tube, the 
nasal dtict^ which communicates with the nasal cavity. 
If the tears are secreted faster than they can be carried 
off by these ducts, as in the act of weeping, they flow 
over the eyelids upon the cheeks. 

467. Vision. — The eyeball in its action maybe said 
to be a complex optical instrument. Into it are admit- 
ted rays of light, and within it is produced the image 
of the object or objects from which these rays emanate 
or are reflected. 

The sensation of light is produced in the retina, by a 
peculiar stimulus applied to the terminal filaments of 
the optic nerve, which are here distributed. Just as 
sound is produced by undulatory waves produced in 
the air, so light is said to be produced by such waves 
or vibrations produced in a peculiar medium called 
the ether ^ which pervades all space. These vibrations 
in the ether are incomprehensible in their frequency, 
and it is supposed that diflferent colors are produced by 
greater or less numbers of vibrations. Thus red is 
said to be the result of about 392 millions of vibrations 
per second. These vibrations in the ether, impinging 
upon the retina, produce there a peculiar stimulus, 
which, conducted to the brain by the optic nerve, is 
appreciated as light. 

468. The Image. — The eye is much smaller than 
many objects which we look at, and which produce an 
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image in it. To allow an image to be formed upon 
the retina, the rays of light from the object must be 
collected and thrown upon it. This is done by refrac- 
tion. When a ray of light passes through the air, or 
through any medium which is transparent and has the 
same density throughout, it moves in a perfectly 
straight line. If, however, the ray of light strikes a 
rarer or denser medium it is turned out of its course. 
This turning of the ray of light from its course is called 
refraction. In Fig. 170, a b represents a transparent 
medium; c d and e f 
are two rays of light 
passing through this 
medium in a straight 
line, the medium being 
of the same density as 
the surrounding me- 
dium. If, however, the 
medium a b is denser 
or rarer than the sur- _ 

Fig. 170.— RiBFRAcnoN 

rounding medium the 

rays of light will be thrown from their course ; thus the 
ray e f , for example, will take the course e h if it is 
denser, or the course e g if it is rarer. Now a ray of 
light, in order to reach the retina, must pass through 
four different transparent media. These are the cornea, 
the aqueous humor, the crystalline lens, and the 
vitreous humor. All these, and especially the crystal- 
line lens, serve to converge the rays of light into a 
small space upon the retina, and within this small 
space the image is formed. This image is well defined, 
and is in all cases an inverted one. In spite of this 
inversion, however, the image is appreciated as rep- 
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resenting the true position of the object. (Fig. 
171.) 

469. Faulty Vision. — If we wish to produce an 
image upon a screen we must have the screen at 
exactly the proper distance from the lens through 
which the rays of light pass. If this screen is too near 
or too far away, the image formed is indistinct in its 
outline. In the eye the retina acts as a screen and the 
crystalline lens as the lens. In the normal eye, that 
is, an eye in which vision is perfect, the retina is 




Fia. 171.— Formation of an Image: on the: Rbtina. 
A, B, O.— Represents the crystalline lens and 
D, E.— The object. 

The white lines represent the rays of light passing through the lens and their 
refraction, producing upon the retina the image d e. 

placed at exactly the proper distance from the lens. 
But in some people the eyeball is longer from before 
backward than it should be, and hence the retina is too 
far from the lens. In such cases near objects can be 
seen, but distant objects cannot, and a form of faulty 
vision called near-sightedness is the result. Again, in 
some, the eyeball is shorter than it should be and the 
retina is brought too near to the lens. In these cases 
distant objects are easily seen, but near objects are 
not, and a condition calXeA far-sightedness is the result. 
(Fig. 172.) 
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Faulty vision often occurs in the aged as a result of 
a hardening of the crystalline lens, and may occur in 
younger persons from a variety of causes. 

Cases of faulty vision can, as a rule, be remedied to 
a great extent by the wearing of glasses, the shape of 
which should vary according to the trouble which 
they are intended to mitigate. 



jL.— Normal Eye. 

X.— Correct place for 
image or focus. 



B.— Nbab Sight. 

X.— Where Image Is 
formed. 




C— Far Sight. 

X.— Where image 
formed. 



Fig. 172.— Diagram to Illustratk Nbar- 

SlGHTSDNESS AND FAR-SIOHTEDNBSS. 

460. Color-Blindness. — Some persons are afflicted 
with a kind of faulty vision called color-blindness. The 
normal eye is so constructed that its possessor is able 
to distinguish between different colors. In persons 
afflicted with color-blindness, this power is absent, espe- 
cially the distinguishing between red and green. 
Occasionally there are cases in which there is an 
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inability to appreciate any colors, all colors appearing 
simply as shades. 

461. Accommodation. — The crystalline lens of the 
eye is supplied with a small muscle, which by its action 
can cause the lens to become thicker or thinner. The 
eye is thus enabled to adapt itself to near and to 
far objects. This is called accommodation^ and any 
interference with it hinders correct vision. (Fig. 173.) 
463. How the Eyes Hay be Injured. — ^The kind 
and amount of light has much to do with good eye- 
sight. One should 
not read or write in 
the twilight, nor by 
poor and flickering 
artificial light. The 
eyes are in this way 
piQ. 178.— AccoiriroDATioN. easily strained. 

A.— Lens adjusted for near objects. -kt *^'\ i. ui 

B.-Lens adjusted for far objects. Neither should OUe 

read by a light which 
shines directly in the eyes, but should turn his back to 
the light so that it will shine over the shoulder and 
upon the book or paper. Another source of eye strain 
is the practice of reading in railway cars. The irreg- 
ular oscillating movements cause the book or paper to 
be held too near the eyes, thus keeping these delicate 
organs on a constant strain. 

Eye washes and salves should not be used unless 
advised by a physician. They are often the cause of 
serious irritation and inflammation of the eyes. 

468. The use of tobacco is a frequent cause of 
color-blindness. The irritating action of tobacco 
smoke causes haziness, and sometimes produces a total 
loss of sight. Tobacco sometimes produces a wasting 
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away of the optic nerve, and this leads, sooner or later, 
to partial or total blindness. This disease of the eye 
is called tobacco-amaurosis^ and the peculiar symptoms 
which accompany it very clearly indicate tobacco as 
its principal cause. 

464. The use of alcoholic drinks very frequently 
produces painful and serious diseases of the eyes. 
The bloodshot and inflamed condition of the eye- 
balls in confirmed alcohol drinkers is evidence that 
the eyes are very easily affected by this poison. Nearly 
all such persons are troubled, sooner or later, with 
disordered eyesight. Drinkers of alcohol find it diffi- 
cult to recover from diseases of the eye, especially if 
these diseases be of an inflammatory nature. 

The constant congestion which alcohol produces acts 
as a prevention to recovery, often hastening and ren- 
dering serious what might otherwise have been a 
slight and temporary disease. Acute eyesight is absent 
in persons who indulge in alcohol, and the eyes of 
these persons easily tire with moderate work. Color- 
blindness and haziness of vision are of common occur- 
rence among them, and indeed it is rarely that this 
class of people have normal, healthy eyes and eyesight. 

465. Practical Eules. — The following rules, which 
were formulated in a lecture given at the Franklin 
Institute of Philadelphia, are worthy of careful study. 
If followed they will do much towards the preservation 
of healthy eyes and good eyesight. 

1. Avoid sudden changes from dark to brilliant light. 

2. Avoid the use of stimulants and drugs which 
affect the nervous system. 

3. Avoid reading when lying down and when men- 
tally or physically exhausted. 
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4. When the eyes feel tired rest them by looking at 
objects at a long distance. 

5. Pay special attention to the hygiene of the body, 
for that which tends to promote the general health 
acts beneficially upon the eye. 

6. Up to forty years of age bathe the eyes twice 
daily with cold water. 

7. After fifty bathe the eyes morning and evening 
with water so hot that you wonder how you stand it; 
follow this with cold water, that will make them glow 
with warmth. 

8. Old persons should avoid reading much by arti- 
ficial light, be guarded as to diet, and avoid sitting up 
late at night 

9. Do not depend on your own judgment in selecting 
spectacles. 

If foreign bodies of any kind enter the eye they 
should be at once removed. Failure to do this is likely 
to produce serious inflammation.* 

♦ For directions as to removing foreign bodies from the eyes, 
see § 583. 
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THE CARE OF THE BODY AND THE 
PRESERVATION OF HEALTH. 
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XLIX.— PRACTICAL HYGIENE. 

466. Hygeia. — Among the beneficent deities who 
were held in loving esteem by the ancient Greeks none 
were more worthy of regard than -^sculapius, the first 
of all physicians, and his daughter Hygeia, the god- 
dess of health. While the former healed the sick and 
taught men how to concoct medicines for the cure of 
all ailments, the latter, by her very presence, pre- 
vented all forms of disease and made all medicines 
unnecessary. And so it was said that those who 
dwelt with Hygeia and obeyed her teachings were 
never in need of a physician ; for no baneful influence 
of air or water or unseen being had any power to touch 
or harm them. This story was not altogether a prod- 
uct of the imagination; in its essential features it 
expresses a great truth which is as applicable to us in 
our own times as it was in those ancient days to the 
people who gave it more literal credence. 

467. The Science of Health. — From the goddess 
Hygeia we derive the name of one of the most practi- 
cal of all sciences, hygiene^ the science of preserving 
health. The laws of hygiene are not difficult to obey, 
and those who observe them carefully and judiciously 
will be most amply rewarded. These laws have been 
formulated, not arbitrarily nor by guess-work, but 
upon facts and principles derived from the scientific 
and practical study of the human body, its parts and 
organs and their various functions. A knowledge of 
anatomy and physiology is of value to us only as it 

290 
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enables us the better to comprehend the rules of 
hygiene, thereby being incited to their more careful 
observance. The physician studies anatomy and phys- 
iology, even in their minutest details, in ordei* that, like 
-^sculapius, he may wisely combat disease and heal 
the sick of their ailments. Students at school acquire 
a general knowledge of the same subjects, but for a 
very different purpose. They learn the leading facts 
about the structure of the body and the functions of 
its parts and organs in order that they may have intel- 
ligent ideas concerning the preservation of their health 
and the proper development of their strength. The 
physician is a disciple of -^sculapius; the student — 
and indeed everybody else— ought to be a follower of 
Hygeia. 

468. Laws of Hygiene. — What do you suppose was 
the character of the rules which Hygeia prescribed? 
They were the same that are now popularly known as 
the laws of hygiene. They were nothing more nor less 
than the laws of nature as applied to the care of one's 
body. They can all be summed up under a few brief 
generalizations which every individual can understand 
and in most cases observe : 

Keep every part of the body clean. 

Eat wholesome food. 

Breathe pure air. 

Avoid excesses. 

Keep your body and mind active. 

These five general rules include the whole science 
of hygiene; indeed, if the first and last were wisely 
and rigidly observed there would be no need for more, 
for they include the other three. But in order that no 
one shall be ignorant of the manner in which to observe 
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them, it is necessary to explain them somewhat in 
detail and to indicate a number of subsidiary rules. 
This shall be briefly done in the chapters that are to 
follow. • 

469. Beneficial Eesults of a Knowledge of Hygienic 
Laws. — Sound health, a vigorous constitution, and 
a well formed body are desired by every person. 
Indeed, it is the intention of nature that the human 
body should be perfect. Nature provides everything 
that is essential for life and health ; and so, if instead 
of strength one has feebleness, if instead of health he 
has disease, it follows that somewhere and at some 
time the laws of nature have been violated. It is the 
object of this science of hygiene to teach people how to 
observe nature's laws. For wherever men are most 
ignorant of the laws upon which hygienic principles 
are based, there disease and death are common; but 
wherever these principles are known and most gener- 
ally observed, there sickness becomes rare and the rate 
of mortality is diminished. Two hundred years ago in 
London the average yearly mortality was 80 for every 
1,000 inhabitants; now it is but little more than one 
fourth as great The same results have been shown in 
nearly all parts of the civilized world, and these results 
have been produced by the increased study and appli- 
cation of the rules of hygiene. 

In the following extract from an address given before 
the American Public Health Association, Dr. Stephen 
Smith makes a plain and truthful statement concern- 
ing the value of such study. He says: 

**Were a well digested system of education in 
hygienic matters, which so vitally concerns the well- 
being of every person, adopted and put into practice 
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with anything like the vigor with which we insist upon 
the study of the common and useful branches, like 
geography, arithmetic, and grammar, and the uncom- 
mon and ornamental branches, as French, music, etc. , 
within one generation the whole mass of people would 
be so enlightened on the subjects relating to the 
hygiene of everyday life that our average longevity 
would be immeasurably increased. '* 

470. Health. — ^As generally used, the word health 
signifies a comfortable state of the body — an absence 
of pain or discomfort. Strictly speaking, however, 
health implies a perfection of all the functions of the 
body. A body which has health is fully developed, 
and all its organs and sets of organs are sound and 
in perfect working order. A vigorous body being so 
precious a thing and so earnestly desired by everybody, 
we should naturally suppose that the thoughts and 
energies of mankind would be chiefly directed towards 
acquiring and maintaining physical perfection. It is a 
lamentable fact, however, that but few people have 
perfect health and that the majority of the world's 
inhabitants live in daily disregard of nature's most 
salutary laws.* 

To some persons, no doubt, a state of perfect health 
is impossible on account of hereditary influences, but 



♦ *'I11 health and premature death are the rule rather than the 
exception in average human life, and are penalties paid for the 
violation of natural laws, which, as they relate to health, are sani- 
tary laws. Obedience to many of the most important natural 
laws is intuitive and unconscious. A knowledge of others is now 
possible for the majority of civilized people, and therefore their 
violation is inexcusable in proportion to education, information, 
and civilization." 
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if these persons would conscientiously observe a^td 
apply the principles of hygiene, many of them could 
finally attain to a condition which very closely 
approaches that of health. 

Although health may sometimes be acquired even 
after one has been temporarily deprived of it, it is, 
nevertheless, a condition which should be preserved 
wifh the greatest of care. 

471. Disease. — But modem hygiene does not stop 
with the formulation of laws for the preservation of 
health. It goes much farther, and when these laws 
have been disregarded and broken, it assumes the role 
of the physician and seeks to determine the cause of 
disease and to point out the means of a return to 
health and physical vigor. Disease may be defined as 
a condition of th© body in which there exists pro- 
nounced disturbances in one or more of the life 
processes. It may be caused either by the violation of 
hygienic laws, or by the admission of certain poisons 
into the system. The latter are sometimes taken 
voluntarily and produce destructive effects upon the 
tissues with which they come in contact. Sometimes 
they exist in the form of invisible minute organisms of 
vegetable or animal origin, which exist unseen in the 
air, the water, or the food, and which no law of 
hygiene will enable us wholly to avoid. These micro- 
organisms are often spoken of as germs, and imder 
favorable conditions they thrive and rapidly mul- 
tiply. 

472. Disease Oerms. — Disease is specially liable to 
attack an unhealthy body — one which has been 
enfeebled by unhygienic surroundings or by the want 
of proper nutrition and care. Disease germs exist in 
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l^rge numbers in unhygienic localities. These germs 
gain entrance into the body in various ways, and if 
they there find suitable conditions for their growth, 
disease of a more or less dangerous character is sure to 
result. 

An unhealthy body usually aflEords fertile ground for 
the growth of such germs; but a sound, vigorous 
system resists their growth, and even if it should be 
attacked by disease, it is able to combat it much more 
successfully. The science of hygiene, by showing how 
this soundness of body may be secured and maintained, 
also helps us to guard against those insidious and 
unseen causes of disease which are so greatly to be 
dreaded. 

478. Specific Hygienic Topics. — The application of 
the principles of hygiene involves attention to many 
particulars. Let us summarize the most important of 
these particulars : 

1. The personal care which one must have for his 
health. This includes attention to food, drink, cloth- 
ing, exercise, habits of life, and personal cleanli- 
ness. 

2. The environments which are likely to affect one's 
physical condition. This includes the location of one's 
dwelling, its drainage and ventilation, the climate, 
and other extraneous influences. 

3. The means of restoring lost vigor or of combating 
disease. Under this head may be considered the care 
of the sick, the avoidance of contagious diseases, the 
methods of rendering aid to the injured or of wisely 
meeting unexpected emergencies. 

Of each of these topics we shall have something to 
say in the chapters that follow. 
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L.— DIET. 



474. Nature abundantly provides foods for man 
which are suitable to his wants under all conditions. 
Health and long life depend very much upon the adap- 
tation of the food to the actual needs of the body. The 
quality and quantity of food required differ according 
to the circumstances of individuals, their age, habits, 
and surroundings. 

Local conditions, as climate, etc., have decided influ- 
ence upon diet. The inhabitants of the arctic regions 
demand great quantities of animal food ; those of the 
torrid zones thrive best on an exclusively vegetable diet ; 
and those living in temperate climates require both ani- 
mal and vegetable foods. It is found that the most suita- 
ble diet for man under ordinary circumstances is a mixed 
one, consisting approximately of three fourths veg- 
etable food and one fourth animal food. An excess 
of animal food tends to overtax the excretory organs, 
and is therefore harmful. * 

476. Exiles for Eating. — Adhere to a rational diet. 
Choose that kind of food which experience has shown 
to be best adapted to your needs. Eat those articles 

♦While fruit gives but little toward the nutriment of the 
body, it contributes materially toward keeping it in health. 
Bender found that fruit, while on the tree and when stored in the 
house, gives off a great deal of carbonic acid ; so that it is not well 
for persons to sleep in a room whej*e fruit is kept in large quantity. 
Uffelmann praises the fruit diet in chronic indigestion, scurvy, 
and hepatic affections ; and the exclusive diet of grapes was highly 
commended by Niemeyer in certain unhealthy conditions. 
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which common sense tells you are of the greatest 
nutritive value, and which are at the same time agree- 
able to the taste and unobjectionable to the stomach. 

Take food at regular intervals. The stomach, as 
well as other organs, requires a certain amount of rest. 
The habit of eating between meals and at unseasonable 
hours overtaxes the stomach and cannot but weaken 
the digestive powers. 

No general rule can be given as to the length of time 
which should elapse between meals. Three meals a 
day, from four to six hours apart, appear to be the 
most conducive to health. 

As a general rule the heaviest meal should not be 
eaten until after the day's work is done. Give a reason 
why this is true. 

After the night's rest, no active labor or business 
should be engaged in until a good breakfast has been 
eaten. The system is thus fortified and strengthened 
for the duties of the day. 

To most persons a light lunch in the middle of the 
day, composed of farinaceous foods, vegetables and 
fruits, is far better than a heavy meal with meats. 

Eat slowly, and masticate the food thoroughly. 
Grood digestion depends to a great extent upon proper 
mastication. Why? 

Besides the above rules the following hints are well 
worthy of attention : 

It is not advisable to eat a hearty meal when one is 
very tired, cold, overheated, or in mental trouble. 

After severe exercise it is well to rest in an easy 
position for half an hour before eating. 

Abstain from work for at least half an hour after 
eating a hearty meal. 
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The organs, both secretory and excretory, are best 
kept in good condition by drinking freely of water 
between meals. Liquids should not be taken excess- 
ively during meals. All forms of alcoholic beverages 
should be strictly avoided. Even small quantities are 
likely to prolong and hinder digestion. 

476. Agreeable and Disagreeable Foods. — Food 
must not only contain the principles of nutrition, it 
must be in a form which makes it easily capable of 
being disintegrated and dissolved in the alimentary 
canal. A substance eaten may be nutritious in its 
nature and yet very indigestible, and therefore not a 
good food. On the other hand, a substance which is 
easily digested may contain little or no nutriment, and 
hence be of but slight value. Habit has much to do 
with digestion. Poor people who are accustomed all 
their lives to the plainest fare are unable to eat rich 
foods, but find them distasteful and hard to digest. 
The diet which agrees best with the Eskimos of Alaska 
would be offensive and injurious to the natives of 
Cuba. In most cases, the food which we like best 
agrees with us, and is the most easily digested. Tastes 
differ, and yet for most people there are certain arti- 
cles which are always acceptable and wholesome. 

477. Cooking — ^Heats. — Most foods are improved by 
cooking, being so changed b)^ the action of the heat as 
to become not only more appetizing but more digest- 
ible. Meat, to be acceptable diet for human beings, 
must be cooked. Broiled meat agrees best with most 
stomachs. To broil meat properly, the fire should be 
a brisk one, so that the albumen on the surface of the 
broiling piece shall be quickly coagulated ; the juices 
are thus prevented from escaping, and the meat is 
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made more tender and palatable. Meat to be boiled 
should, for the same reason, be plunged at once into 
boiling water. But if soup is to be made, the meat 
should be placed in cold water and gradually heated 
to the boiling point; by this means the savory and 
nutritious juices are extracted to become the chief 
constituents of the soup. Meat to be roasted should be 
at once subjected to a strong heat, in order to retain 
these juices as in broiling. Fried meats are the least 
wholesome and the hardest to digest, being so imbued 
with the heated fat as to resist the action of the gastric 
juice. The smoking of beef renders it more difficult to 
digest ; and, as a general rule, the salting of meat has 
a tendency to retard the action of the digestive fluids. 
Experiments have shown that while fresh boiled beef 
with a little salt is digested in less than three hours, 
old salted beef cooked in the same way requires more 
than four hours for digestion. (See § 165.) 

478. Farinaceous Foods and Fmits. — Generally 
speaking, the most digestible of all farinaceous foods 
is light, well-made wheaten bread from twelve to 
twenty-four hours out of the oven. Next to wheat 
flour, rye makes the best and most wholesome bread. 
Oatmeal, barley, and Indian com are also largely used, 
and if properly prepared are very nutritious. In many 
countries rice is the principal article of food ; it affords 
but little blood-making material, and hence when used 
alone large quantities are necessary to support life; 
but when used with other nutritious foods it is a valu- 
able article of diet, unstimulating and easily digested. 
Peas, beans, and other leguminous foods afford much 
nutriment, but are hard to digest. Potatoes and other 
foods composed largely of starch are highly nutritious 
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when so cooked as to reduce them to a pulp and thor- 
oughly soften and disintegrate the starch grains. 
Baked potatoes are, for this reason, more readily- 
digested than boiled potatoes. The same rule applies 
to fruits. Baked or roasted apples are more easily- 
digested than raw apples. 

479. Bread-Making. — The best bread is made from 
wheat flour. Good flour contains a variety of nutritious 
substances. On the average, in every hundred pounds 
of such flour we may find 72 pounds of starch, yj^ 
pounds of gluten, 5^ pounds of sugar, and 12 pounds 
of water. The remainder consists of phosphates of 
lime and magnesia, alkaline sulphates, gum, and com- 
mon salt in various proportions. There are many 
methods of baking bread. Unleavened bread is made 
by working into the dough a considerable quantity of 
air, which remains there in the form of bubbles. 
When the dough is placed in the oven the heat causes 
these bubbles to expand, and they, pushing the dough 
apart, cause the bread to become light. Yeast bread is 
made by mixing a small quantity of yeast with the 
dough during the process of kneading, and then allow- 
ing the mixture to stand for some hours in a moderately 
warm place. The yeast produces in the sugar of the 
flour a fermentation by which it is changed into 
alcohol and carbonic acid. The carbonic acid in the 
form of small bubbles is entangled and held in the 
dough by the gluten of the flour. As the dough 
becomes warmer these gaseous bubbles expand and 
cause the whole mass to become inflated, or to '*rise.'* 
It is then placed in the hot oven and kept there until 
the baking is complete. The heat causes the alcohol 
and carbonic acid gas to pass through the dough 
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and escape in the oven. It also changes the starch 
upon the surface of the loaf to dextrine, hardening 
it into a brittle layer; this is the crust. It solidi- 
fies the gluten, which at the same time acquires an 
agreeable flavor. It causes the starch grains to 
become swollen and fused together, and these retain 
within their substance a part of the water which was 
mingled with the flour. Bread, therefore, always 
weighs more than the flour of which it is made. On 
account of the multitude of gaseous bubbles which are 
diffused throughout the dough during the process of 
** rising,** it has a spongy appearance, containing a 
great number of little cavities distributed more or less 
regularly through its substance. This is what makes 
the bread light. Light bread is more easily masticated 
and more readily mixed with the digestive fluids ; it is, 
therefore, for most people, the most nutritious an(/ 
healthful of all breads. Another and very common 
method of making light bread is by the use of baking 
powder instead of yeast Baking powder is composed 
of certain chemical substances which when moistened 
and heated are decomposed, thus generating carbonic 
acid gas. The gaseous bubbles are diffused throughout 
the dough precisely in the same manner as in the mak- 
ing of yeast bread. 

480. The Effect of Cooking. —Why does cooking 
render a food substance more digestible? 

What effect does good cooking usually have upon 
the palatableness of a food? Give one reason why. 

Why is roast beef more wholesome than fried beef? 

Why is broiled meat so palatable and healthful? 

Why is wheat bread more wholesome and nutritious 
than any other bread ? 
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Why is light bread better than bread made simply of 
flour and water? 

Why does bread weigh more than the flour of which 
it is made? 

Is there any alcohol in yeast bread? Why not? 

What becomes of the carbonic acid which makes the 
bread light? 1 

The cooking of food, to be beneficial, must be prop- 
erly done. Bad cookery not only renders food 
unpalatable, but is frequently the cause of disease. 
The fact should always be borne in mind that the 
object of cooking is to prepare the food for digestion — 
to make it palatable and agreeable, and to render it 
more easily amenable to the digestive processes. 
Foods prepared in such a way as to hinder the action 
of the saliva, the gastric juice, or the intestinal fluids — 
no matter how they may please the taste — are unfit to 
be eaten. Ignorance of the proper methods of cookery 
is the cause of much disease. 

481. Injurious Foods. — Not only are poorly cooked 
foods injurious, there are certain classes of so-called 
foods which should always be avoided. Decayed 
fruits, mouldy bread, sour milk, meat that has begun 
to decompose — these if eaten are liable to produce 
disease. The milk of unhealthy cows frequently con- 
tains germs which communicate diseases to those who 
partake of it. Any noxious germs contained in milk 
may be destroyed by boiling it. If this precaution 
were oftener taken, much of the sickness prevalent 
among children might be avoided. Pork is often 
infested with minute parasites called trichince^ which, 
when taken into the stomach, increase rapidly in num- 
bers and penetrate to various parts of the body, caus- 
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ing severe illness and death. Pork chops, ham, and 
bacon should, therefore, always be thoroughly cooked 
before being eaten. 

482. Scale of Digestibility. — The following com- 
parative scale of digestibility is given by M. Navarre, 
a distinguished French physiologist : 

1. Aliments always easily digested. — Coffee and milk 
well sweetened; boiled brains; soft boiled eggs; 
white meat of broiled fowl without skin or fat; the 
following fish, boiled, broiled with butter, or fried in 
crumbs — ^trout, sole, perch, smelt, gudgeon, French 
sardine ; all green vegetables, boiled and then 
cooked in butter or with a white sauce; sweet milk 
compounds; very sweet side dishes; very sweet and 
thoroughly cooked jams; sweetened rice; pur^e of 
potatoes ; dry biscuits ; calf sweetbreads, not larded ; 
well cooked bread ; very sweet fresh cream. 

2. Aliments tolerated less easily, — Asparagus out of 
season; rice and butter; roasted veal; roast beef; 
roast pigeon; wild duck; pot-pie; smoked ham; broiled 
mutton kidney ; partridge, quail, snipe, turbot, salmon, 
ray, oysters, various shell-fish, fresh cod ; potatoes with 
jackets ; Swiss cheese and others which are fresh ; boiled 
calves* feet; sheep*sfeet; tripe; new potatoes cooked in 
butter ; and, in general, all sauces except the white. 

3. Aliments always badly supported, — Fat soups; 
mutton (leg and chops); all larded meats; all black 
meats ; all game except that mentioned above ; pork 
and sausages and kindred meats; mackerel, mullet, 
lobster, crabs, sardines in oil, salt codfish; fried 
potatoes, and, in general, all fried dishes; raw side- 
dishes, raw salads, and all dry vegetables, even in 
purees; and made cheeses. 
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483. The following table gives the average length 
of time which is required for the complete digestion of 
some of the more common articles of food: 

TABLE SHOWING THE TIME REQUIRED FOR THE 
STOMACH DIGESTION OF VARIOUS ARTICLES 
OF FOOD. 

MODE OF 
ARTICLE OF DIET. »« «„ TT^ ^r^x*, H. M. 

PREPARATION. 

Apples, sweet, mellow Raw 1:30 

Apples, sour, mellow Raw 2:00 

Apples, sour, bard Raw 2:50 

Bass, striped, freslj Broiled 3:00 

Beans Boiled 2:30 

Beef, fresh, lean, rare Roasted 3:00 

Beefsteak Broiled 3: 00 

Beef, fresh, lean, dry Roasted „ 3:30 

Beef, with salt only Boiled 3: 36 

Beef Fried 4: 00 

Bread, com Baked 3; 15 

Bread, wheat Baked 3: 30 

Cabbage Raw 2: 30 

Cabbage Boiled 4: 30 

Chicken, full grown Fricasseed 2:45 

Chicken, full grown Boiled 4:00 

Chicken, full grown Roasted 4:00 

Codfish, cured, dry Boiled 2:00 

Eggs Whipped i : 30 

Eggs Raw 2:00 

Eggs Roasted 2: 15 

Eggs Soft Boiled 3:00 

Eggs Hard Boiled 3: 30 

Eggs Pried 3: 30 

Lamb Broiled 2:30 

Milk.. Boiled 2:00 

Milk Raw 2: 15 

Mutton, fresh Broiled 3; 00 

Mutton, fresh Boiled. 3:00 

Mutton, fresh Roasted 3: 15 
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..^.^. ^» ^.-«, MODE OF „ „ 

ARTICLE OF DIET. ««««.„.^.^^, H. M. 

PREPARATION. 

Oysters, fresh Raw» 2: 55 

Oysters, fresh Roasted^ 3: 15 

Oysters, fresh Stewed 3: 30 

Pork, fat and lean Roasted.. 5: 15 

Pork, recently salted.. Stewed 3:00 

Pork, recently salted... Broiled 3: 15 

Pork, recently salted.. Pried 4: 15 

Pork, recently salted.. Boiled. 4: 30 

Pork, steak Broiled 3: 15 

Potatoes.. Roasted. 2:30 

Potatoes... , Baked. 2:30 

Potatoes... Boiled !....3: 30 

Salmon, salted « Boiled. 4: 00 

Trout, fresh. « Boiled. 1:30 

Trout, fresh Pried 1:30 

Turnips Boiled 3:30 

Veal, fresh« Broiled 4:00 



LI.— WATER AS A FOOD. 

484. Water. — Next to air, water is the substance 
most necessary to the maintenance of life. The amount 
of water required for the healthful nutrition of the 
body is from five to six pints each day. Water for 
drinking purposes is derived from various sources: 
by collecting it as it falls as rain ; by taking it from 
streams, or springs, or lakes; by lifting it from wells. 

Rain water ^ if clean, is the purest that can ordinarily 
be obtained. The first rain that falls collects much 
soot and dust from the air and from the roof upon 
which it falls, and should be discarded. The 
remainder is usually water of excellent quality for 
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drinking purposes, and especially for cooking, on 
account of its being soft water.* 

Water from streams, if not polluted with refuse, is 
fairly pure for drinking purposes, especially if the 
streams be fed by springs. The water from small 
lakes is also fairly pure, provided they are not stag- 
nant, and are not polluted by refuse or decaying matter 
along the shores. 

Well water and spring water are usually quite pure 
as well as very palatable. Care should be taken that 
they are not rendered impure by the admission of sur- 
face drainage. Well water, or spring water, is rain 
water which, striking the soil, sinks into the ground 
until it reaches a stratum of impermeable rock, where 
it is retained. Hence it is that a considerable area in 
the neighborhood of a well should be kept clean in 
order to avoid any possible contamination of the water. 
Deep well water is much more likely to be pure than 
water which is taken from shallow wells, f 

♦"Ordinarily, rain water that has percolated through the soil for 
a considerable distance is remarkably pure and wholesome. It 
soon loses by filtration the impurities it received from the air and 
the surface on which it fell, though it may take up some of the 
mineral constituents of the different soils through which it passes. 
When the quantities of these mineral substances become so great 
as to give the water a medicinal value, or marked taste, we call it 
a mineral water; but when the inorganic matter does not render 
the water objectionable to the taste, or too hard, it will probably 
be found to be purer than that from almost any other source.** 

t'*The impression that spring or well water taken from a rock or 
ledge has a guaranty of purity is a serious popular error. Water 
in passing through a deep layer of porous soil or sand undergoes a 
process of filtration, and purification. Rock, on the contrary, 
has no power to purify, and its crevices sometimes convey 
polluted surface drainage long distances into wells or springs." 
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486. Purification of Water. — Water is seldom found 
in a perfectly pure state, and good drinking water is 

not necessarily perfect- 
ly pure water. Water 
to be suitable for drink- 
ing purposes should 
contain no injurious 
organic impurities, it 
should be perfectly 
clear, free from any 
odor or taste, and, if 
possible, soft or at 
most only slightly 
hard. 

Impurities in water 
may consist either of 
solid matters in sus- 
pension, or of substances in solution. Water is made 
turbid by solids in suspension; clear water does not 
contain these, but may contain bacteria or other micro- 
organisms. Water which contains much solid matter 
may be, to a certain extent, purified by filtration. In 
using a filter care should be taken that it is regularly 
cleaned, for a dirty filter will work more harm than 
good.* 

The best substances through which to filter Water 

♦Other things being equal, the value of a water will probably be 
about as shown in the following table: 
■ I. Spring water, 




Fig. 174.— a Dbop ov Yxbt Impubk Watbb. 

(Magnified.) 



Wholesome : -j 2. Deep well water, 

I 3. Water from unpolluted streams, 
c««r^i..;^«e. ] 4- Stored rain water, 
buspicious. < g Surface water from cultivated land. 
Dangerous: r- Sewage-polluted river water, 
*^ ( 7. Shallow well water, 



Very 
' palatable. 
Moderately 
palatable. 

Palatable. 
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are sand, animal charcoal, spongy iron, porous stones, 
and unglazed porcelain. 

Filtration, however, has no effect in removing 
organic impurities, and if water used for drinking pur- 
poses is not entirely above suspicion as to its purity, 
the only safeguard lies in a thorough boiling of it. 
Boiling de- 
stroys all living 
organisms. Sus- 
p e c t e d water , 
should be boiled | 

about half an \^^5'/'y^^ / ^^ 
hour before be- 
infif used 

^ * Fio. 175.— Organic Im pubitibs rovvro in Impubb Watkb. 

486. Impure 
mrater and Diseases. — Many forms of disease are directly 
traceable to the use of impure drinking water. Stom- 
ach and intestinal irritation may be caused by sus- 
pended or dissolved organic or mineral matters. Tape- 
worms may be admitted into the system by taking the 
ova of this parasite into the stomach in drinking water. 
Dangerous infectious diseases, as typhoid fever, chol- 
era, and malaria, are often caused by drinking water 
which contains the germs of the disease. Typhoid 
fever becomes widely spread in this way. It is always 
a safe rule in times of an epidemic of typhoid fever 
to boil thoroughly all water that is used. 

Ice, unless it is known to be made from pure water, 
should not be added to drinking water. Freezing 
does not destroy disease germs, and impure ice is no 
doubt often a direct cause of disease. Dr. Prudden 
experimented on the effects of cold upon disease germs, 
and caused typhoid germs to be frozen solidly in ice 
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for over three months ; at the end of that time it was 
found that their vitality had not been affected. Thus 
it is plain that there may be and is much danger of 
contamination through ice. * 



LIL— CLEANLINESS. 

487.. Cleanliness and Health. — The skin, as has been 
explained, is a very complex structure, containing 
numerous nerves, blood vessels, and glands (§ 145). 
Its functions — regulation of bodily heat, and excretion 
— ^are of much importance to the health and welfare of 
the body. The surface of the skin is constantly cast- 
ing off worn-out particles of epidermis, and the glands 
are constantly pouring out sweat and oily matter. The 
secretions of the glands dry upon the surface of the 
skin and hold upon it the particles of waste matter and 
quantities of dust and dirt, thus forming a layer of 
foreign matter, the existence of which is detrimental 
to the health in several ways. Cleanliness of the skin 
is, therefore, of much importance, f 

♦ The free internal use of water is recommended to all. It 
tends to increase the secretions of the skin and of the bile, saliva, 
gastric juice, and pancreatic juice. The too free use of water at 
meal time is apt to be more or less injurious, as it dilutes the 
digestive juices and is thus likely to cause indigestion. Between 
meals, however, the free use of water will be of much benefit to 
the system. 

t Huf eland, in his "Art of Prolonging Life," says, "I regard 
cleanliness and cultivation of the skin as the chief means for the 
prolongation of life. Cleanliness removes everything which our 
system has separated as useless and injurious, as well as everything 
which has attached itself to our bodies from without. The cultir 
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488. What is perspiration? Why is perspiration 
necessary to health? If the process of perspiration be 
hindered, what will be the result? What other organs 
will be overtaxed? From your answers to these ques- 
tions deduce a reason why the skin should always be 
kept clean. 

489. Dirt upon the surface of the skin is a frequent 
oause of skin diseases. It affords a medium favorable 
for the growth of bacteria or micro-organisms, which, 
besides producing local diseases of the skin, may affect 
the whole body. Skin diseases and affections are, to 
say the least, greatly aggravated by the presence of 
dirt. 

490. Bathing. — The only way in which the skin can 
be kept in a clean and healthy condition is by fre- 
quent bathing. Besides serving to remove unhealthy 
accumulations of dirt and waste matter from the skin, 
Daths properly taken act as a general invigorator to the 
body.* They quicken the circulation, tone up the skin, 

vation of the skin is an essential part of this process, and consists 
in such treatment from childhood to old age as will render it active 
and open." 

* The religious observances of all sects of antiquity commanded 
washing and bathing in some form among their ceremonials. 

The Egyptian priests were required to wash their bodies three 
times a day whenever they prepared for great sacrifices. 

The Jewish ordinances contain numerous commandments for 
bathing and purification. 

The Greek priests washed themselves twice every day and 
night, in order to be fitted for their sacred duties. 

The pious Turk regards it as imperative to wash his face and 
hands and arms and neck before he invokes Allah. 

The Brahmin makes his ablutions three times a day, and the 
rich and poor alike journey to the shores of the Ganges to 
purify themselves in the sacred waters. 
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and produce a sense of well-being. Bathing, in order 
to produce the most good, should be indulged in fre- 
quently, and should be thorough, — that is, the body 
should be thoroughly washed all over. A bath taken 
every day would not be too much, and a thorough bath 
at least once a week is essential to the proper action of 
the various organs As to whether a bath should be 
taken in hot or in cold water depends upon circumstances 
and upon one's inclination. Many persons take cold 
baths at all seasons of the year and derive invigorating 
effects from them.* 

491. The Cold Bath, while not being so valuable as 
the hot for cleansing purposes, is more stimulating and 
strengthening. It serves as an excellent tonic to the 
whole body, and causes an increase in its various 
functions. If the cold bath be followed by a brisk 
rubbing with a rough towel, as it should be, it will 
rarely produce any chilly or unpleasant sensations. 
Probably the most suitable time for taking a cold bath 
is in the morning after rising. A cold bath for one 
who is strong is a luxury. It produces a most comfort- 
able condition of the skin, and causes it to be healthy 
and rosy. It accelerates the circulation, increases the 
number and depth of the respirations, and acts as a 
tonic to the nervous system. The cold bath should not 
be a prolonged one, especially if the water be very 
cold or the person not in the best condition. From 
three to five minutes is generally sufficient. 

For aged persons and those in weak condition, the 

*A cold bath is that in which the temperature of the water is 
from 30" to 60** F. ; a cool bath is from 60" to 75" F. ; a temperate 
bath from 75° to 85" F. ; a tepid bath from 85** to 92** F. ; a warm 
bath from 92° to 98*' F. ; and a hot bath from gS** to iia** F. 
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cold bath is not always advisable, and if indulged in 
at all, great care should be taken to avoid getting 
overchilled. * 

492. Salt Water Baths. — Outdoor bathing and salt 
water bathing are to be considered as cold baths. 
They have a great value because they combine exercise 
and bathing in one. Care should be taken that this 
form of bathing is not indulged in to excess. If it is, 
evil effects are almost certain to follow. One should 
never indulge in outdoor bathing until an hour or 
more after, eatings and, when leaving the bath, the 
body should be rubbed dry and the clothing be imme- 
diately put on. If a chill follow the bathing, the skin 
should be briskly rubbed, then dry clothing be put on, 



* "In Alaska the method ot taking a bath is somewhat he- 
roic. Every trading-post has a bath house, and the people are 
supposed to avail themselves of its privileges once a week. A 
person accustomed to living in a milder climate would have a 
good deal of hesitancy about undressing in one of these places, as 
the temperature is alwa)rs below zero. In an inner room an arch 
of stones is built so that a fire made beneath can penetrate. 
A trap-door in the roof answers for a chimney. After the stones 
have become thoroughly heated and the smoke has passed out, 
all the coals are removed and the trap-door closed. In this room 
stands a cask of warm water and another that is ice-cold. When 
the bather enters he pours hot water on the stones until the room 
is filled with steam ; then, taking a seat on a bench, he waits till 
the perspiration streams from every pore in his body. Next he 
takes a bunch of dned twigs and leaves, prepared for the pur- 
pose, with which he scrubs himself till all the impurities have been 
removed from the skin, following this with a wash-off in warm 
water and soap. He concludes his bath by dashing a bucket of 
ice-cold water over his body, and then rushing to the dressing- 
room, where, with his teeth chattering, and shivering in every 
limb, he resumes his clothes." 
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and brisk exercise taken until a comfortable degree of 
warmth is restored. 

Salt water bathing is especially valuable as a tonic 
bath, and in many instances it is much more invigor- 
ating than a bath in fresh water. 

493. Cautions. — Care should be taken never to bathe 
in cold water immediately after severe exercise, nor 
when the body is in a heated condition and covered 
with perspiration. The sudden application of cold water 
under such circumstances is sure to produce unpleasant 
results. Cold baths should not be taken soon after 
eating and while digestion is going on, nor is it advis- 
able that they be taken in a cold room. 

As a rule, persons who regularly bathe in cold water 
are much less liable to take cold than those who do 
not. Bathing the head and face with cold water is 
often very refreshing in cases of headache or excess- 
ive mental strain. 

494. The Warm Bath is more cleansing than the 
cold, and to many persons much more comfortable. 
It is better to take it at night before going to bed, 
for, on account of its relaxing effect, colds are easily 
contracted if the body be exposed to the open air. 
After severe physical labor, a hot bath will often pro- 
duce a sense of rest and comfort. One can safely stay 
in a warm bath longer than in a cold one. but five or 
ten minutes is usually long enough.* 

* The skin should assist in the work of elimination and 
protection. Cold sponge baths to the chest have a salutary effect 
on the lungs, but must be immediately followed by friction with a 
coarse towel. A hot sponge bath should be taken at night, and 
the body should be vigorously rubbed afterward. If there is a 
tendency to *• catching cold," the body may be well rubbed with 
some nutritive oil» as olive oil. 
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495. The Hair and Hails. — Cleanliness of the hair 
and nails is essential to their growth and health, as 
well as to personal beauty. The scalp should be 
washed frequently and rubbed with a soft brush to 
remove particles of scurf. Hair tonics and hair 
pomades, as a rule, are of no advantage, many of 
them producing harmful results. 

If the hair is dry and harsh, the use of a small 
quantity of vaseline well rubbed into the scalp is often 
beneficial. Strong soap should not be used in washing 
either the scalp or the skin. Such soap contains much 
alkali, and tends to remove the oily secretion from the 
skin or scalp, thus causing it to become harsh and 
rough. A mild soap should be used, and never more 
than is necessary for cleanliness. 



LIII.— THE CLOTHING. 

496. Kinds of Clothing. — Clothing is manufactured 
of wool, fur, silk, cotton, or linen, each of which has 
special qualities which adapt it to use for special pur- 
poses or under special circumstances. Woolen goods, 
flannels, and furs, are materials which will not readily 
conduct the heat from the body. They should be worn 
next to the skin, especially in cold weather and in 
variable climates. The non-conducting properties of 
woolen goods are due mainly to the fibers being loosely 
woven, this also aiding in the process of evaporation. 

Silk goods are also warm, and are not so likely to 
irritate the skin as those of wool. 

Cotton and linen materials are good conductors of 
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heat, and hence are adapted for use in warm weather. 
The wearing of them next to the skin is often not 
beneficial, light woolens being preferable even in hot 
weather. 

Clothing of light colors, as white or gray, is cooler 
than dark or black clothing, especially in the warm 
season. 

497. Hygienic Clothing. — Proper clothing is of 
much importance from a hygienic point of view. 
Good judgment should be exercised as to what and 
how much to wear. Much care should be observed 
in this matter, especially in changeable climates, 
where there is always a certain amount of danger 
from colds, pneumonia, and various lung diseases. If 
some parts of the body are more heated than others 
by overdressing or in any other way, an excessive 
flow of blood goes to such parts and chronic inflamma- 
tion often results. Serious kidney disease has been 
developed by sitting constantly with the back near a 
heated stove. Many sore throats are caused by wear- 
ing tippets and scarfs about the neck. The harm 
results both from overheating and from suddenly 
cooling this part of the body. It is best that the outer 
clothing be of diflFerent weights, so that it may be 
changed with the variations of the atmospheric con- 
ditions. The necessity of putting on underclothing of 
different weights may thus, to a great extent, be 
avoided. The underclothing should be kept clean and 
changed often, especially if it be of wool. 

The feet should at all times be kept dry and well 
covered. Wet and cold feet are frequently a cause 
of colds. 

498. Cautious about the Clothing. — It is not advis- 
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able to have the neck or face bundled up closely, even 
in very cold weather ; for in this way colds and sore- 
ness of the throat are much more likely to be con- 
tracted, local perspiration is produced, and sudden 
chilling is likely to result. 

Tight clothing, no matter upon what part of the body, 
is injurious. Tight lacing and improper use of cor- 
sets, especially by young women, interferes with the 
proper development of the chest and the internal 
organs. The human body contains no useless space. 
The vital organs within the body are of the proper size, 
and cannot be increased or diminished in bulk with- 
out deranging and impairing their functions. Nor 
can they be displaced without injury. These are 
facts admitted by anatomists, physiologists, and phy- 
sicians. Hence the care necessary in having loose 
clothes about the waist. By wearing tight clothes the 
heart and lungs are compressed, interfering with the 
respiration and with the circulation of the blood, while 
the stomach, liver, and abdominal organs are so dis- 
placed as to cause indigestion and otherwise interrupt 
the functions of these organs. 

Tight garters, or elastics, worn below the knee are 
injurious because they obstruct the proper circulation 
of the blood in the feet and legs. 

Tight shoes, besides being a source of discomfort, 
are very likely to produce lameness. They are the 
most frequent causes of corns and bunions, and some- 
times produce serious deformities of the feet. 

Tight fitting collars and bands about the neck 
impede the circulation of the blood from the head. 
Congestion in this part thus results, ending in head- 
aches or disturbances of the vision. 
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Tight fitting hats frequently cause headaches and 
neuralgias. In summing up, it is evident that the 
clothing should be of the proper kind, of the proper 
weight, clean, and loose enough to admit of perfect 
comfort to all parts of the body. 



LIV.— EXERCISE. 

499. Bodily Strength. — The working of the human 
body has already been compared to the working of a 
complex piece of machinery (§378). It is true that 
there are many points of similarity between the two, 
but there are points also of great dissimilarity. For 
example, a piece of machinery wears out and becomes 
weakened by use, but as a general rule, the human 
body becomes more fully developed and increases in 
strength by judicious exercise. 

Bodily strength, to a certain degree, is essential to 
bodily health. Weak bodies, usually, are not healthy 
bodies. A person who is physically strong has not 
only muscular strength, but he has a strong nervous 
system, a strong circulatory system, and a strong 
digestive system. His mind is usually capable of great 
intellectual development, and having much physical 
endurance, he is able to follow his pursuits in life with 
pleasure and comfort. 

With a person who possesses a weak body the oppo- 
site condition generally exists. His nervous system 
is usually disordered, his circulatory and digestive sys- 
tems do not perform their functions properly, and be- 
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cause of a lack of physical endurance he is unprepared 
to carry on any occupation with either comfort or sat- 
isfactory success. 

While it is necessary, in order to have good health, 
that one should have a moderately strong body, it 
should be remembered that excess of anything is con- 
trary to the rules and demands of nature. 

500. How Strength may be Acquired. — ^The strength 
of any part of the body is improved by judicious exer- 
cise. The need of exercise seems to be instinctively 
recognized at all periods of life. An infant when 
awake is seldom quiet, but keeps its legs and arms in 
almost constant motion ; children run, jump, and play 
because of the natural instinct which demands activity 
of the body; older persons find exercise in attending 
to their daily labors, in performing their social duties, 
in walking, riding, and the multiplicity of movements 
which a life of activity demands. It will be observed 
that those persons who are the most active in their 
habits are, as a general rule, the least liable to disease : 
they retain their youth for a longer period, and are 
likely to live to a greater age than those who are 
of sluggish dispositions and indulge themselves in 
indolence. The way to preserve one's strength is to 
use it — ^not spasmodically nor to an excessive degree, 
but moderately and regularly. The way to increase 
the power of any given organ or tissue is by judicious 
exercise. Even the brain is no exception to this rule ; 
study and thought are sure to add strength to the 
intellectual powers; the failure to exercise the brain 
tends to produce mental weakness and imbecility. 

601. Exercise of the Muscles. — The muscular sys- 
tern bears so close a relation to the other parts pf th^ 
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body that exercise of the muscles is conducive to the 
health of the entire system. 

What are the two general classes of muscles (§ 99) ? 

In what part of the body do most of the involuntary 
muscles lie? Into the structure of what important 
organs do they enter? 

Describe the action of these muscles. What part of 
the nervous system has control over them? 

To what extent, if any, can their actions be modified 
by the will? 

Where do the voluntary muscles lie? Why are they 
called voluntary? 

Which class of muscles comprises the greater part of 
the body, the voluntary or the involuntary? 

The involuntary muscles are, of course, incapable of 
being exercised in the same way as the voluntary. 
But such is the relationship between the two that when 
the latter are properly used the former are indirectly 
exercised and strengthened. 

502. Direct Benefits Derived from Exercise. — Insuffi- 
cient and excessive exercise are both detrimental to 
the health. But the moderate, regular, and judicious 
use of the voluntary muscles is conducive to the well- 
being of every tissue and organ. The muscles them- 
selves become larger, and firmer; their strength is 
increased; their movements become more accurate; 
they respond to nerve stimulus more readily; and their 
power of endurance is greatly increased. 

608. The muscles are richly supplied with blood 
vessels and nerves. Exercise causes the blood vessels 
to be dilated, the circulation of the blood to be acceler- 
ated, and as a consequence the heart and circulatory 
system to be strengthened. The nerves, too, which 
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supply Stimulus to the muscles, are benefited by their 
activity, and the whole nervous system becomes 
stronger and more active. The involuntary muscles 
being likewise strengthened, they enable the internal 
organs to perform their functions much more per- 
fectly. The appetite is improved and the powers of 
digestion are increased. 

604. The same cause aids in the processes of assim- 
ilation (§ 312), and also assists in promoting the re- 
moval of waste matters from the system. It strength- 
ens the respiratory system, enlarges the chest cavity 
and the lungs, and by causing more air to be drawn 
into the air-cells of these organs increases the efficiency 
of the oxidizing processes that are going on in the 
blood vessels. 

606. Physical exercise acts as an incentive to intel- 
lectual development. Healthy minds often depend 
upon healthy bodies. The importance of physical 
exercise to students has in late years been so appre- 
ciated that many colleges and schools have well- 
equipped gymnasiums and playgrounds, and some 
have special instructors in physical culture.* 

606. Effects of Insufficient Exercise. — ^When we 
speak of insufficient exercise we mean that the 
muscles are indulged too long in a state of idleness. 
Now, if any muscle is allowed to remain unused the 

♦Cicero said: "It is exercise alone that supports the spirits and 
keeps the mind in vigor." 

Plato said: **Any one who devotes himself to intellectual pur- 
suits must allow the body to have motion and practice gymnas- 
tics." 

Another has said: "When we breathe, exercise, eat, bathe, 
and dress correctly, then our powers to grow healthy and beauti- 
ful and to evolve higher qualities become limitless. " 
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flow of the blood in it becomes sluggish, it does not 
readily assimilate nourishment, and the poisonous 
waste matters are not thoroughly removed from it. 
As a consequence, it becomes pale and soft, and not 
responding readily to nerve stimulus, it loses much 
of its power of contraction. It soon becomes so weak- 
ened that it is incapable of performing even a reason- 
able amount of labor. 

Insufficient exercise, as may readily be inferred, de- 
bilitates not only the muscular system, but the whole 
body as well. The nervous system becomes weakened, 
the circulatory organs lose their vigor, the appetite 
fails, and the powers of digestion are lessened. Further 
than this, the processes of assimilation and elimina- 
tion are hindered, and the body becomes enfeebled and 
an easy prey to disease. Persons whose occupations 
are such that they can have but very little exercise are 
usually subject to ailments of various kinds because of 
their lack of bodily strength.* 

507. Effects of Excessiye Exerciie. — Moderation is 
nature's rule respecting all things. Moderation in 
exercise is as necessary to our well-being as modera- 
tion in anything else. Excessive exercise is harmful 
to the body, and tends to weaken it rather than to 
strengthen it. The word excessive, when used in this 

*"It is a fact that if you take a healthy arm, even a strong 
arm, a blacksmith's, for instance, and place it in splints for a 
period of only six months, it will become so small, flabby, weak 
and useless that he can scarcely use it to lift a teaspoon to his 
mouth when the splint has been removed. Nor will the arm 
regain its normal strong and healthy condition until long months 
of use and freedom from splints have gradually again developed 
the muscles and restored them to their functional strength. This 
law holds gfood over all the muscles of the body." 
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connection, is a comparative term. What might be 
just enough for one person may often be an excessive 
amount for another, and vice versa. The age, sex, 
occupation, and general condition of the individual are 
important factors in determining between a proper and 
an excessive amount of exercise. Exercising for 
health and exercising for athletic competitions are 
quite different things. In the former there is too often 
a tendency to insuflBciency, but in the latter there is 
usually a strong inclination to excess. While it is true 
that excessive exercise will often produce very strong 
muscles, it is also true that the muscles may acquire 
their strength at the expense of other parts of the 
body. The heart is especially likely to become over- 
taxed and thus weakened, and the nervous system 
nearly always feels the effects of excess. Exercise, 
therefore, should never be indulged in to such an 
extent as to produce great fatigue. Tired muscles, 
laborious breathing, and rapid action of the heart are 
all indications that the body is being overtaxed and is 
in need of rest. A proper amount of rest is as essen- 
tial as a proper amount of exercise. 

608. Fatigue. — Fatigue may be defined as a sense of 
being ** tired," **wom out," or ** overworked." It may 
affect certain muscles, certain organs, or the entire 
body. Fatigue is said to be a regulator of bodily ac- 
tivity. It indicates when the muscles have been 
suflBciently taxed, and serves as a warning that further 
work or exercising will be injurious or dangerous. 

Fatigue probably occurs as a result of a sort of 
poisoning of the tissues. This poisoning is caused by 
an over-accumulation of waste matters, especially of 
carbonic acid gas, in the system. Hard labor, the 
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increased action of any muscles, hastens the breaking- 
down of the tissues, and the formation of waste matter. 
As long as the body is able to remove this waste 
matter no evil effect is felt, but when the amount of 
waste produced exceeds the amount that can be 
removed, fatigue is felt. Thus it is, that if the body 
is worked or exercised until it is greatly fatigued harm 
results and the tissues become weakened instead of 
strengthened. 

609. Rest. — Rest is the only way by which the body 
is enabled to recover from fatigue, of which it is the 
antithesis. Sufi&cient rest is essential to health and 
strength. Sleep is nature's method of giving rest to 
the entire body, for it is necessary that not only the 
muscles should have. rest, but all other parts as well. 
Voluntary muscles rest and work as the will requires 
them to do, but the involuntary muscles rest and work 
alternately, as nature requires. The heart, though it 
appears to be working all the time, rests almost as 
much as it works, its periods of rest being the intervals 
between its contractions. The stomach rests during the 
intervals of digestion ; and other involuntary muscles 
have adequate rest between periods of labor (§ 103). 

510. Eeit and Eeconstruction. — In health the 
processes of reconstruction and repair are carried on with 
suflBcient rapidity to offset the processes of destruction, 
and hence there is no appreciable loss of strength. 
The materials necessary for the repair of the wearing- 
out tissues being present in the body, it is only neces- 
sary that the tissues should be in a fit condition to 
make use of them. If the tissues are overworked 
they are destroyed faster than they can be repaired, 
and hence become weakened. Rest, therefore, is a 
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necessity, because it affords an opportunity to remove 
all the waste matters and to replace worn-out cells 
with new. During the intervals of rest, the processes 
of repair go on rapidly, and the processes of destruc- 
tion but slowly. 

611. Amount of Rest Needed. — The amount of rest 
required differs in different people, and varies in pro- 
portion to the amount of work done. During the time 
when we are awake, rest should be taken in suflBcient 
amount and with such frequency as to prevent the 
occurrence of excessive fatigue. Sleep is a mode of 
rest which is universally required. It should be taken 
at regular intervals and in sufficient amount to restore 
to the body the freshness and vigor which it has lost 
during the hotirs of wakeful activity. Children, as a 
rule, require more sleep than adults, and persons who 
perform manual labor more than those who do not. 
No rule can be given as to the length of time which 
one should spend in sleep. The average time de- 
manded by most children is about ten hours out of each 
twenty-four ; but for adults about eight hours is gener- 
ally sufficient. Proper rest and refreshing slumber do 
much towards maintaining the strength of the body 
and preserving its health. Overwork, excessive exer- 
cise, and insufficient rest, are alike detrimental to one's 
physical welfare.* 

♦The amount of sleep essential to health differs greatly in 
different individuals. Bonaparte cotdd endure great fatigue for 
days at a time with but few hours of sleep. Frederick the Great is 
said to have required but five hours of sleep daily, and there are 
many instances in which four to six hours daily have been 
sufficient. 

Alfred the Great recommended that a person do eight hours of 
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612. How to Take Exerciie. — In taking physical 
exercise three things should be constantly remembered ; 

1. To exercise enough. 

2. To e;cercise judiciously and in moderation. 

3. To 'allow one*s self all the rest that is needed, 
and to take suflBcient sleep. 

Another rule might well be added to these, and that 
is, to take the right kind of exercise. It is self-evident 
that the same kind of exercise is not equally beneficial 
to all persons. To promote the symmetrical develop- 
ment of the entire physical structure it is evident that 
those parts of the body which are the weakest neces- 
sarily require the most exercise. We would not say 
that a blacksmith or a miner is in need of exercise to 
develop the muscles of his arms. But though he have 
strong arms, he may have weak legs, or a weak, con- 
tracted chest, and then we should say that he needs to 
exercise his legs or his lungs. So it is with every one, 
— some parts are as strong as they should be, while 
other parts are weak and require exercise to 
strengthen them. 

618. Exercise should not be taken for the purpose 
merely of acquiring great muscular strength, but it 
should be taken with a view towards promoting one's 

work, take eight hours of sleep, and enjoy eight hours of recrea- 
tion. The observance of this rule, if practicable, would certainly be 
very beneficial. 

Sir William Jones's couplet on the division of one's time has 
often been quoted: 

"Seven hours to law, to soothing slumber seven, 
Ten to the world allot, and all to Heaven." 
Sir Edward Coke would not sleep so long: 

"Six hours in sleep, in law's grave study six. 
Four spend in prayer, the rest on nature fix. " 
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general health. It should be taken in such a way as 
harmoniously to develop and strengthen all parts of 
the body. It should be taken regularly and system- 
atically. Practicing physical exercise for one day and 
then being idle for two or three days will not prove to 
be very beneficial.* 



LV.— VARIETIES OF EXERCISE. 

614. There are two general classes of exercise, 
indoor and outdoor. Either of these, if practiced 
properly, is of great benefit. The outdoor is prefer- 
able, but if it is not practicable then the indoor should 
not be neglected. Some out-of-door sports are of 
such a nature as to demand very violent exercise, 
and are so easily convertible into excessive exercise 
that they should be engaged in only with great circum- 
spection and care. Walking, rowing, swimming, 
baseball playing, bicycling, horseback riding, etc., 
are all forms of exercise which, if rightly used, are 
promotive of good health. 

Of the various forms of indoor exercise the most 
common are swinging Indian clubs, practicing with 
dumb-bells, boxing, fencing, climbing, using rowing 
machines, or exercising with systems of ropes, pulleys 
and weights. 

515. Outdoor Exerciiei. — ^Walking is the simplest 
and most natural mode of taking exercise. It is 

♦Probably the most important thing in taking physical exercise 
is to acquire the habit of sitting, standing, and breathing correctly. 
Hard muscles of themselves are not always an indication of 
health, nor are they always a necessity to it. 
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usually the most convenient and most pleasurable 
mode, and is by all odds the best exercise that one can 
take. It is a form of exercise which is available and 
suitable to persons of all ages and occupations. It is 
the natural mode of locomotion for man, and it brings 
into action all the muscles of the body, strengthening 
and developing them. Being an exercise which is 

usually taken in the open 
air, it is doubly beneficial, 
in that the body is sup- 
plied with an abundance 
of pure, fresh air. 

616. Walking strength- 
ens the muscles and in- 
creases the power of en- 
durance. It causes one to 
take deeper and fuller in- 
spirations of air, and thus 
broadens and strengthens 
the chest. It increases 
the appetite and aids the 
process of assimilation, ac- 
celerates the circulation, and tones up the nervous 
system. In fact, it acts as a strengthener of the whole 
body.* 

•The best tonic for a weak heart is a brisk walk. The majority 
of weak hearts are weak and flabby because every other muscle in 
the body is weak, — and this general weakness is due to want of 
vigorous use. Exercise of the legs and back and arms g^ves 
additional and much-needed exercise to the heart, and the heart 
g^ows strong by vigorous exercise exactly as every other muscular 
organ does, — for the heart is a muscle. If a man has no oiganic 
disease of the heart, no enlargement, and no functional disorder, 
plenty of brisk walking will soon dispel his breathlessness and 




FlO. 176.— IMPBOPKB AXD PROPER POSI- 
TION OF THB Body in Walking. 
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While walking, the position of the body is of much 
importance. An erect position should always be 
maintained. Walk with the shoulders thrown back- 
ward and the chin upward. Cultivate the habit of 
taking full, deep inhalations of air. By so doing you 
can get the most benefits possible by this mode of 
exercising. 

617. Running and jumping are modifications of the 
act of walking (§ 124). They are valuable modes 
of exercise, but being more violent than simple walk- 
ing, they produce fatigue much more quickly. For 
this reason they are not suitable to many persons. 
They bring into action all the muscles, and exercise the 
whole body. Running and jumping should not be 
used as modes of exercise by persons who are quickly 
fatigued by them. Breathlessness, palpitation of the 
heart, and a feeling of faintness are all indications that 
harmful results are apt to occur.* 

618. Swimming is an art with which every per- 
son ought to be familiar. Besides being a valu- 
able and pleasurable mode of exercise, it may some- 
heart-weakness, other things being equal. The muscular inac- 
tivity of many persons is the cause of more ill-health than any 
other single thing. 

*"The natural instinct with children of delicate physique is to 
stay within doors. The pleasantest day seldom tempts them into 
the open air ; and even when they do go, the inherent sense of 
their own weakness keeps them from joining in the sports of their 
playmates. Their parents generally help them i« this tendency. 
Because they are known to be delicate, they are kept from the 
very things which might enable them to grow strong. The 
majority of them could be greatly helped by being made to join in 
certain games and forced to follow a systematic course of training. 
Through the lack of systematic and regular exercise, many a 
child has been prevented from growing strong and healthy.*' 



Digitized by VjOOQIC 



338 



HUMAN PHYSIOLOGY AND HYGIENE. 



times be the means of saving a human life, either 
one's own or that of another. As an exercise it 
brings into action all the muscles, and tends to give 
general bodily strength. 

Games and sports — tennis, golf, baseball, rowing, 
and skating — all produce good results, because they 
are indulged in for pleasure, and being outdoor sports 
they give to the participants plenty of fresh air. They 
bring into action most of the muscles, and thus pro^ 

mote the gen- 
eral strength. It 
should be remem- 
bered, however, 
that they should 
b e indulged i n 
moderately, for 
otherwise harmful 
results may be 
produced. 

Bicycling is at 
the present time, 
perhaps, the most 
popular mode of taking out-of-door exercise. It is 
adapted to both sexes and to persons of all ages. 
Indulged in to a moderate extent it tends to produce 
strong, healthy bodies. It brings into use all the 
muscles, accelerates the circulation, strengthens the 
nervous system, and tones up the whole system. 

Bicycling to excess acts in a detrimental way, and 
may produce harmful results or even permanent 
injury. Long rides and trials of speed overtax the 
strength, and should not be indulged in. It is well to 
remember that what would be a moderate amount of 




PiQ. 177.— Improper and Proper Position op the 
Body wHiiiS Bicycling. 
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bicycling for one may be an excessive amount for 
another. The amount of such exercise should always 
be proportioned to the general condition and strength 
of the persons taking it, and should never be continued 
to the point of great fatigue. 

519. Care of the Body whUe Exercising. — A few 
plain rules on this subject are well worth noticing: 

1. Do not indulge in any violent exercise within 
two hours after eating a hearty meal, or within half an 
hour before eating. 

2. Special attention should be paid to the clothing. 
It should be light in weight, and whenever practicable 
made of wool. It should fit the body loosely, so as to 
admit of free movements of all the muscles. 

3. After having been engaged in any violent exer- 
cise, if the body has become very warm and wet with 
perspiration, care should be taken to avoid catching 
cold. One should not sit upon the bare ground, or 
where there is a draft. It is well to throw a blanket 
or coat over the shoulders, and to walk about until 
cooled off, or until the clothing can be changed. 

4. After exercising take a warm bath as soon as con- 
venient. Then rub down thoroughly with a dry towel 
and change the clothing. Many of the ill effects 
which follow violent outdoor exercise are due to care- 
lessness and to the neglect of one or the other of the 
above rules. 

520. Indoor Exercise. — Many persons find it 
impossible to take a sufficient amount of outdoor 
recreation; hence, they must necessarily resort to 
some form of indoor exercise. 

All such exercise should be carried on in a systematic 
way. It should be of a kind best suited to strengthen 



Digitized by VjOOQIC 



340 



HUMAN PHYSIOLOGY AND HYGIENE. 



the weaker parts of the body, and should be conducted 
persistently and with much regularity; but the rule of 
moderation should be carefully observed. 

Exercise of this kind may be practiced both in the 
home and in the school-room with much advantage. 
In the school it would be well if a definite period of 
time each day were devoted to the performance of cer- 

tain gym- 
nastic exer- 
cises. These 
serve as a 
rest to the 
body, accel- 
erate the cir- 
culation, and 
render the 
actsofbreath- 
ing more 
powerful. 
Varied mo- 
tions may 
be produced 
with wands, 

dumb-bells, etc. , or merely with closed hands, so that 
approximately all the muscles of the body are brought 
into use. Such exercises should not be continued until 
they produce fatigue. One should begin lightly, in- 
crease slowly, and practice regularly. After a time 
the body becomes stronger and more used to exertion, 
and an amount of exercise may be taken with comfort 
which in the beginning would have been impossible. 

521. Varieties of Indoor Exercises. — A modern' 
gymnasium contains a great variety of appliances for 




Flo. 178.— EXKBOIBB WITH DUMB-BXLLS. 
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bringing into action all the muscles of the body. Per- 
forming with dumb-bells and Indian clubs is a popular 
as well as a beneficial mode of promoting physical 
culture. The various motions which are executed in 
connection with their use educate and strengthen the 
muscles of the arms, chest, and back. 

Practicing with the rowing machine is excellent ex- 
ercise. It brings into action all the muscles of the 
body, accelerates the circulation, and increases the 
power of breathing. 

522. Boxing and Fencing demand quick and accu- 
rate motions of all the muscles and also require constant 
attention on the part of the eye and the mind. 

523. Health Exercisers, or Home Exercisers, as they 
are called, are appliances usually constructed of 
ropes, pulleys and weights, or elastic cords, so arranged 
as to give any desired amount of resistance and to 
enable one to perform all kinds of motions. The use 
of them is very beneficial to muscular development. 

There are many other appliances used for indoor 
recreation, such as ladders, cross-bars, trapezes, ropes, 
rings, all of them of some value if used rightly.** 

*"If one goes to a gymnasium he should thoroughly under- 
stand how to heg^ his exercise. The latter part of the after- 
noon is the best time. He should wear the proper amount of 
clothing, and do his work quickly and systematically. The work 
at first should be light, and never carried to the point of fatigue. 
He can begin with the chest weights. With a light weight in 
each hand he should go through the various movements. Ten 
times for the first day is sufficient. Then a few moments with 
the wooden dumb-bells, ending up with a slow • run around the 
track, for a distance equal to a quarter of a mile. This will be 
found to be enough and not too much for most beginners, and 
there will be no resulting stiffness or soreness next day." 
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624. Every One Can Do This. — A prominent in- 
structor in physical culture says: 

If a person will daily walk about five miles, and will 
practice each morning and evening the following 
simple exercises with the aid of a cane or stick, he will 

receive as much 
physical exercise 
as is essential to 
health. The ex- 
ercises are as fol- 
lows: 

I. To develop 
the upper part of 
the arms, — Grasp 
the cane firmly at 
both ends with 
the hands, and 
hold it across the 
chest so that the 
middle of the 
cane rests against 
the body. Now 
drop the hands 
downward to the 
full length of the 
arms, then draw 
them quickly 
back to their first position, with the cane resting against 
the body. Continue this exercise for thirty seconds. 

Holding the cane as before, push it upward above 
the head to the full length of the arms, then bring it 
quickly back to its original position. Continue this for 
thirty seconds. 




FlO. 179.— EXBBCISINO WITH A CANB. 
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2. To develop the forearm, — Grasp the cane near the 
middle with one hand. Then holding it at arm's length 
from the body on a level with the shoulder, twirl it back- 
ward and forward. Continue this for twenty seconds. 
(Fig. 179.) 

3. To strengthen the muscles of the sides, — Grasp 
the cane at both ends with the hands, then holding it 
above the head at arm's length bend the body from 
side to side as far as possible. Repeat this exercise ten 
times. 

4. To strengthen the muscles of the back, — Hold the 
cane as in the preceding exercise. Then bend the 
body forward and backward as far as possible without 
losing the balance. Repeat several times. 

A daily walk of five miles and these exercises are 
approximately the amount of exercise to be taken. If 
the walking is not done, then an equivalent should be 
taken in some other form of exercise. 



LVL— POSTURE. 

526. Effects of Habitnal Postnre. — In connection with 
the study of exercise, a subject which is of much 
importance to everybody, is the effect of habitual 
posture upon one's health and happiness. Young 
persons, and especially school children, are too often 
careless of the positions which they assume in sitting 
or standing, not realizing what a great influence such 
positions have on the development, beauty, and sym- 
metry of their bodies (§ 115). 

626. Sitting. — ^An important rule which everybody 
should observe is this: Sit erect. Most persons are 
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Fie. 180.— A, A Good Postubs; B, C, D, Impbopsb PoexuBBs. 
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inclined to sit in a stooping posture. This is fre- 
quently the result of careless habits, though often the 
position and height of seats and desks are the imme- 
diate cause. 

. Habitually sitting in a stooping posture is detrimental 
to health and destructive to beauty of form. It is the 
chief cause of ** round shoulders," 
which, to say the least, is an unsightly 
deformity. A stooped position nar- 
rows the chest and diminishes its ca- 
pacity, thus producing, in many cases, 
weak lungs. It also tends to send an 
over-supply of blood to the head, and 
this after a time will so aflfect the eyes 
as to cause defective eyesight. Care- 
less habits in sitting, when they have 
been once acquired, are very difficult to 
overcome, and the results which are 
produced by such habits are seldom 
entirely corrected in after life. 

For one who finds it difficult to sit 
in an erect position with comfort, the 
persistent practice of the 
simple exercise several times daily 
for a month or a year, will be found very beneficial: 

Sit perfectly erect with the shoulders thrown back 
and the head tilted backward. Then take a long, 
slow, deep inspiration, filling the lungs completely with 
air. Hold the breath a moment, and then slowly let 
the air leave the lungs until the chest assumes its 
former size. Repeat this several times in succession. 

627. Standing. — Not only should one sit erect, it is 
equally important and necessary to stand erect. In 




folio wine^ Pio.isi.— pbophbpos- 

o TUBBs IN Standing. 
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standing, the weight of the body should rest equally 
upon both feet (Fig. i8i). A common and injurious 
habit is that of standing so that nearly all the 
weight of the body is thrown upon 
one foot. This position, by throw- 
ing the body to one side, is very 
likely to produce deformity, and es- 
pecially a curvature of the spine. 
Standing in a stooping posture affects 
the body just as sitting in a similar 
posture would do. 

628. Postures in sitting and 
standing have a special influence 
upon the growth and development 
of the bones. Bones, to be properly 
developed, should grow in a proper 
position. If the body is frequently 
in a twisted condition, we can only 
expect that the bones will become 
distorted. Thus it is that deformi- 
ties, which have been acquired in 
early life on account of faulty habits in sitting and 
standing, can seldom, if ever, be corrected in after life. 
(See Fig. 183.) Proper exercise of the body will often 
overcome a tendency to assume improper postures. 




FlO. 182 — IMPROPXR 

P06TUBXIN Standing. 



LVII.— SANITATION. 

629. Cleanliness. — ^What is the first general law of 
hygiene (§ 468)? This law includes several particulars 
— can you name them? Why should the skin be kept 
clean (§ 487)? Why should the teeth be kept clean 
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(§ 203)? What may we understand by **unclean" food 
(§ 481)? Why should such food be avoided? Why 
should every one avoid the use of tobacco? If unclean 
substances are admitted into the alimentary canal, 
how is the blood affected thereby? What is meant by 
impurities of the blood? Name the channels by which 
impurities are removed from 
the blood. Why should one 
never breathe impure air? 
Why is impure water harm- 
ful? Are alcoholic liquors 
ever pure in the strict sense 
of the word? 

From the answers you have 
given to the foregoing ques- 
tions we may deduce the fol- 
lowing special rules with 
reference to cleanliness: 

Drink pure water. 

Breathe pure air. 

Keep the outside of the 
body clean. 

Eat wholesome food, free 
from deleterious impurities. 

Admit no poisons into the 
digestive canal. Shun alco- 
hol and tobacco. 

530. A careful observance 
of even the first two rules will go very far toward pre- 
serving one's health. But in order to be able to observe 
them it is necessary to pay heedful attention to the 
character of one's surroundings. If you live in a 
locality where the atmosphere is polluted from any 




Fzo. 188.— ErracTS of Impropbr 

P08TU&K IN Standing or 

SimNo. 
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cause, you cannot breathe pure air. If the water you 
drink is derived from unclean sources, you cannot 
avoid its impurities. If your home is in an insalubrious 
location, you will suffer from the effects of the noxious 
impurities which exist there. 
S31. Praetioal Sanitation Laws. — Sanitation, literally 
speaking, includes any and all 
measures of hygiene which are 
related to cleanliness and the con- 
sequent prevention of disease. As 
here used, the term refers more 
particularly to those measures 
which have to do with our dwell- 
ings and with our general sur- 
roundings. Proper sanitation not 
only affects the individual, but the 
masses of the people. 

632. In Cities.— Where people 
live in communities large enough 
to form towns or cities, practical 
i^ sanitary laws are of the greatest 
importance to the welfare of all. 
The town or city should be kept 
clean, its streets should be kept 
free from filth, the garbage and 
accumulations should be 
properly removed, and there 
should exist a proper system of drainage or sewerage. 
A neglect of these things is sure to produce disease 
and to imperil the life and health of every inhabitant. 
Almost every city in the United States has its 
health board, or sanitary board, the duty of which is 
to look after the general sanitary condition of the city. 
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633. In the Country every head of a household should 
be his own ** board of health." He should see to it 
that the health of his family is not imperiled by im- 
pure water, noxious air, or unwholesome food. Proper 
care with reference to these things will prevent much 
sickness and suffering. The bam and stables should 
never be so situated that the drainage from them can 
by any possibility find its way into the well or spring 
which supplies the family with water. Filth of any 
kind should not be allowed to acctunulate near the 
dwelling. Outhouses should be kept scrupulously 
clean. Sleeping chambers should be well lighted and 
well ventilated. All the laws of hygiene should be 
carefully observed and enforced. 

The greater part of the sickness among farmers and 
their families is caused by the neglect of these plain 
laws of sanitation. 

634. The Dwelling. — The location of one's dwelling 
has much to do with his health and happiness. A 
house improperly located is often the direct cause of ill 
health or disease. The ideal situation of a home 
which would be the most favorable to the preservation 
of health, may be described as follows : 

It should be on dry ground, not near a swamp or 
:slowly flowing river. 

If in the country, it should be upon elevated land 
where it is exposed to plenty of sunlight.* 

♦ "The direct rays of the sun are among the most powerful of 
germ-destro)H[ng agents. The most deadly germs perish within a 
few minutes under the direct rays of the sun. Most germs are 
also killed by the action of diffused light. The value of the sun- 
light as a disinfectant, however, is above estimate, hence the im- 
portance of admitting the sun to every portion of our dwellings." 
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If in the city, it should be in a cleanly locality, and 
freely accessible to both sunlight and fresh air. 

A dwelling should always be properly heated, prop- 
erly ventilated, and properly drained. Dark houses 
with damp cellars and insufficient or improper drain- 
age are always detrimental to health. 



LVIII.— THE AIR WE BREATHE. 

636. Practical Beview. — ^What is meant by the 
breath? What is meant by a breath? What two acts 
constitute a respiration? Explain how we breathe 
(§ Z2fi)' Name all the organs that are in any way 
concerned in the acts of respiration. What part of 
the nervous system has control over these acts (§ 390)? 

How often do you usually breathe in a minute? Can 
you by your own will control the rapidity of your 
breathing? What might often be the result if the 
respiratory muscles were entirely voluntary? 

Is it possible for one to expel the air entirely from 
the air-cells of the lungs? About what is the average 
capacity of the lungs? About how much air is taken 
in at a single respiration (§ 343)? In what respects 
does the air which is expired differ from that which is 
inspired? 

Why is it necessary for one to breathe? What 
change takes place in the blood through the act of 
breathing? Why is this change necessary (§ 344)? 
How does the purity of the air affect the thoroughness of 
this change? Why, then, is pure air always desirable? 
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636. The Air. — What is pure air (§ 339)? Of what 
two gases is it composed? Which of these is the active, 
or positive, element? Why is the other said to be 
negative? What would be the consequence of breath- 
ing air which contains -too much oxygen ; of breathing 
air which contains too much nitrogen? What is the 
proportion of nitrogen in the air? What is the result 
of breathing carbonic acid gas? What becomes of 
the carbonic acid gas which is constantly being formed 
and liberated in the atmosphere? 

How much carbonic acid gas is given off from the 
lungs of each person in the course of twenty-four 
hours (§347)? Suppose that a person is confined all 
day in a very close room, what is the effect on the air 
which he must breathe? What will be the effect on bis 
health? From your answers to these questions deduce 
a reason why living rooms should always be well 
ventilated. 

637. Impure Air. — Samples of outdoor air, taken at 
numerous places, at various elevations, and at all 
hours of the day and night, show on analysis a compo- 
sition approximately as follows: 

Per cent. 

Oxygen 20.96 

Carbon dioxide (carbonic acid gas) 03 

Nitrogen ; 79-oi 

Ammonia traces 

Watery vapor in varying quantities 

If other substances, either gases or solids, are found 
in the air, they exist there as impurities. 

Air is impure when it contains foreign substances, 
or when any of its constituents exist in too large or 
too small a proportion. Foreign substances which 
render the air impure may be gaseous or solid. 
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Solid impurities in the air are held in a state of 
suspension. They consist of dust, soot, particles of 
organic matter, bacteria and other micro-organisms, 
and, in fact, particles of any kind which are light 
enough to float in the air. 

Gaseous impurities consist of gases and vapors 
which result from the combustion of fuel, from the 
exhalations of men and animals, from decomposition 
and fermentation of organic matter, etc. 

If these impurities were allowed to accumulate in the 
air it would soon be unfit to support any kind of life. 
Nature, however, puts into action certain processes 
which constantly tend to preserve it in a comparatively 
pure state. Thus the winds tend to scatter the impuri- 
ties, the rains to absorb them, and the process of 
oxidation to destroy them. 

The air of some localities is much more impure 
than that of others. In cities it is much more impure 
than in the cotmtry; in low, marshy places, more than 
in elevated localities. 

638. The Effects of Impure Air. — The laws of health 
demand that the body be supplied with fresh, pure air, 
and plenty of it. Impure air is harmful in many ways. 
The character and degree of its harmfulness vary 
with the character and amount of its impurities. * Solid 

♦The most common and usually the most serious vitiation of 
the air of inhabited apartments is that due to respiration. There 
is constantly passing off from the lungs and skin of human 
beings a mixture of carbonic acid gas, aqueous vapor, and organic 
matter; of these the carbonic acid gas and the aqueous vapor are 
comparatively harmless, but the organic matter, though present 
in very small proportions even in air quite foul, is extremely 
poisonous and detrimental to health. 
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impurities in the air are especially likely to afifect the 
respiratory organs, because they come directly into 
contact with these organs. They cause irritation of 
the air passages, and often inflammation of the Itmgs 
themselves. Coal miners, metal miners, and steel 
grinders are often subject to throat and lung affections 
due to the inhalation of particles of solid matter. 

Impure air is the cause and disseminator of many 
diseases. Bacteria floating in the air are likely to pro- 
duce disease, and some diseases are, no doubt, often car- 
ried great distances through the air. Gaseous impuri- 
ties in the air very frequently produce marked symptoms 
of disturbance of the system. Sewer gas is a danger- 
ous impurity. The breathing of it may not directly 
cause disease, but it tends to enfeeble the body so that 
it is easily attacked by it. Coal gas, when breathed, 
produces headache, dizziness, and if in sufficient 
quantity, asphyxia. Air after having been breathed 
is poisonous. Why? If reinhaled, even for a 
short time, this air will produce headache, dizziness, 
languor, and nausea. Persons who live in a crowded 
apartment and who congregate in rooms that are 
poorly ventilated, breathe this kind of air, and its ill 
effects are generally very apparent* Persons who are 
habitually in such surroundings become pale and 
languid, their appetite is impaired, their bodies 
enfeebled, and they become specially susceptible to 

*Af ter the battle of Austerlitz, 300 Russian prisoners were con- 
fined in a cavern, where 260 of them perished in a few hours 
for want of pure air. The captain of the ship Londonderry, dur- 
ing a storm at sea, shut the hatches. There were only seven cubic 
feet of space left for each person, and in six hours many of the 
passengers were dead. 
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disease. It is a well-known fact that contagious 
diseases spread rapidly in densely populated and poorly 
ventilated localities, and in such surroundings they are 
very fatal. It is also true that in cities which have wide 
streets and many parks there is less sickness than in 
those in which the streets are narrow and there is an 
absence of parks. 

639. Ventilation. — Impurities in the air, while they 
cannot be destroyed, can be to a great extent scattered 
and diluted. This should be done as much as pos- 
sible, especially in dwellings and in rooms where per- 
sons congregate. The process by which impure air is 
removed and then replaced by fresh air, or by which 
it is diluted with fresh air, is called ventilation. 
Proper ventilation of rooms is often a difficult problem 
because of the difficulty of admitting fresh air and at 
the same time avoiding drafts and all sudden changes 
of temperature. All modes of ventilation should 
make provision for both the egress of foul air and the 
ingress of fresh air. 

In the summer time, and in climates which admit of 
it with comfort, ample ventilation is secured by leav- 
ing the doors and windows open, thus allowing the 
fresh air from outside to circulate freely through the 
house. In stormy or cold weather and in cold 
climates, when the doors and windows are closed, this 
result must be attained by some other means. 

The amount of fresh air required in a room depends 
both upon the size of the room and upon the number 
of persons occupying it. If a large room is occupied 
by only one or two persons, enough fresh air may be 
admitted through the cracks about the doors and win- 
dows ; but if it is occupied by several persons, some 
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means miist be devised of increasing the supply of 
fresh air and facilitating the removal of impure air. 

Where open fires or grates are used for heating pur- 
poses, a fair amount of ventilation is produced ; the im- 
pure air is drawn out through the chimneys, and 
fresh air enters rapidly through the crevices about the 
doors and windows. 

Where rooms are heated by means of hot-air furnaces 
much fresh air is forced into 
them, the heated air usually 
being drawn from out of 
doors through the furnace, 
and sent into the rooms. 

In rooms where there is 
likely to be an insufficient 
amount of fresh air the ar- 
rangement of one or more 
windows as shown in Fig. 
185 will be advantageous. 

Lower the top sash, b, 
about six inches, so that its 
lower edge overlaps the 
lower sash, a. Have the top 
open space filled by a well- 
fitting board, c. By this ar- 
rangement fresh air is ad- 
mitted through the space between the two sashes, in 
the directions of the arrows d e, d e. 

This method will supply an abundance of fresh air to 
a room without producing perceptible drafts and 
without suddenly cooling the room. The effect is 
more satisfactory when several of the windows are 
treated in this manner. 



r 



Pio. 186.— How TO Vkntilatb 
Boom by Msans or a Window. 
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In rooms and dwellings many forms of ventilating 
apparatus may be used. All of them operate upon the 
same principle, supplying one opening or set of open- 
ings for the entrance of fresh air, and another opening 
for the egress of impure air, the latter usually connected 
with a shaft or chimney to increase the force of the 
current. ** A room cannot be properly ventilated with- 
out an efficient arrangement for the admission and cir- 
culation of pure air. Nothing can be more absurd 
than the frequently witnessed attempt to ventilate a 
room by providing it with a ventilating shaft connected 
with proper ducts and foul-air openings, but without 
any provision for a supply of fresh air." 

The importance of this subject is recognized, at 
present, to such an extent that architects in planning 
a building are required to pay particular attention to 
its ventilation.* The ventilation and the heating of a 
building must be considered together; for a success- 
ful working of each will depend upon the conditions 
of the other. 

These are subjects which should be carefully consid- 
ered by every person who contemplates the building 
of a home. They embrace so many particulars that 
only the most general rules can be given in a school 
text-book. 

*A peculiar article manufactured in France is porous glass for 
windows. This is declared to possess aU the advantages of the 
ordinary window-framing, and, while light is as freely admitted 
as through the medium of common glass, the "porous" also admits 
air. The minute holes with which this glass is intersected are 
too fine to permit of any draft, while they provide a healthful, 
continuous ventilation through the apartment 
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LIX.— ILL HEALTH AND DISEASE. 

540. The Causes of Disease.— What is health (§ 470)? 
When all the parts of the body are in perfect and har- 
monious working order what is the result? Suppose 
that one of the organs, as the stomach, is overworked 
or injured, what is the result? 

Disease signifies an absence of health. It is an ab- 
normal condition, and implies a faulty working of one 
or more of the various parts of the body. If the body 
were never to become diseased, its mechanism would 
simply wear out in old age, and death would come 
merely as a result of this wearing out. Impure air, 
unwholesome food, overwork, extremes of heat and 
cold, worry, sorrow, all affect some part or organ of the 
body; and if one organ imperfectly performs its work, 
other parts or organs become affected, and the result 
is some form of disease. 

Disease is generally, therefore, the result, directly 
or indirectly, of imhygienic living. Besides the gen- 
eral causes of disease already mentioned, over-exertion, 
loss of sleep, want of exercise, dampness of dwellings, 
intemperance, and uncleanliness of the skin may be 
named as among the most common means by which 
physical health is impaired or destroyed. 

641. Diseases are generally spoken of as being of 
two kinds: (i) infectious or contagious, and (2) non- 
infectious. Those of the former class, as a rule, are 
communicable, that is, they may be contracted by one 
person from another. Those of the latter class are not 
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communicable. The prime cause oi 
each contagious or commimicable 
disease has been thoroughly demon- 
strated to be a specific germ, always, 
characteristic of the disease. The 
disease is a direct result of the in- 
vasion of the body by the germ, oi 
•nie jenn. themseiTes ^^ Certain poisous generated by th^ 
!;*"i?SiS^5i^oN «:erm while it is periforming its de- 
structive agency in the tissues. Such 
diseases as consumption, smallpox, 
typhoid fever, diphtheria, scarlet 
fever, and measles, are all caused by 
germs, each disease having its own 
specific micro-organism. 

542. Bacteria. — The word bac- 
teria in its general sense is a name 
applied to the very lowest and very 
smallest forms of plant life. The 
bacteria are in reality minute vege- 
table growths, so minute as to be 
only visible by using a microscope 
of high power. Their average length 
is probably about one thirty-five 
thousandth of an inch, and some are 
even smaller than this. They are of 
various kinds and of various shapes. 
Some are spherical in shape, some 
rod shaped, some ovoidal, some 
spiral, and some of various irregular 
forms. 

Bacteria grow and multiply very 

«™« S:;?.*^:^"™ rapidly. They multiply by a process 
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of division, — that is, a cell divides 
inl o two, each of these again divides 
into two, and so on indefinitely. It 
is estimated that if nature had not 
provided a means for their destruc- 
tion, within a few days enough bac- 
teria would be produced from a sin- 
gle one to fill the ocean — ^so rapidly 
do they multiply. 

Indeed, after a short time, if all 
lived, there would be enough bac- 
teria to devastate the earth. Nature, 
however, provides means for their 
destruction to a great extent. The 
winds and rains scatter and destroy 
them ; the sunlight is very destruc- 
tive to them ; some bacteria destroy 
others; vast numbers are destroyed 
in the alimentary canals of men and 
animals ; and in various ways an ex- 
cessive production of these germs is 
prevented. 

Bacteria grow and multiply best 
under suitable conditions, where 
there must always be warmth and 
moisture. This form of life is not, 
as a rule, destroyed by cold, many 
forms assuming vigorous growth after 
having been frozen in ice for many 
days. Boiling water and steam, 
however, always destroy them. * 

*" Bacteria are a class of little organisms 
through the agency of which all of the phe- 
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643. Action of Bacteria. — Bacteria 
are, no doubt, the most wide-spread 
of all organisms. They exist in the 
air, the water, and upon the sur- 
faces of all bodies. Different kinds 
of bacteria have different actions; 
their action, however, is nearly al- 
ways concerned in the process of 
decomposition. Thus the yeast plant 
growing in a solution of sugar has the power of decom- 
posing the stigar into alcohol and carbonic acid gas. 
Another form of bacteria causes milk to sour, con- 
verting milk sugar into lactic acid. Still another 
form causes butter to become rancid, or cheese to be- 
come strong. A most important action of bacteria is 
that of decomposing organic matter so that it may 
provide elements for the maintenance of organic life. 
544. Disease Oerms. — Many of the forms of bacteria 
are not only harmless, but are of use in some way to 
mankind. There are, however, as we have already 
said, certain kinds which cause disease, if they enter the 
body under conditions suitable to their growth. These 
forms of bacteria are called disease germs, and each of 
them, when existing under suitable conditions, pro- 
duces important changes in the tissues and thus causes 
its characteristic disease. 

nomena of an organic life take place ; they are the agencies, so 
to speak, without which organic life with its constant changes 
would be impossible, and it must be ever remembered that 
without the presence and constant activity of these little bodies 
there would be no life in nature. 

"The infinitely laige majority of bacteria are not only harmless, 
but without them the world would be an inert mass of inorganic 
matter." 
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546. The specific germs of many of the contagious 
diseases have been discovered and studied within 
recent years, and their connection with those diseases 
has been definitely established. These germs, in 
order to multiply and produce their characteristic 
diseases, must have suitable surroundings. * A strong, 
sound body does not readily submit to their attacks ; 
a weak, unhealthy body is an easy prey to them. In 
other words, so long as one's system is in a thoroughly 
vigorous condition he need have but little fear from the 
inroads of these insidious micro-organisms. 

Disease germs exist in large numbers in unhygienic 
localities, and as persons who live in such surroundings 
are usually weak and ailing, they are especially suscep- 
tible to their ravages. 

646. Disease germs enter the body mainly through 
the mucous lining of the stomach and bowels, and 
through the mucous lining of the respiratory system. 
They are taken into the system usually with food or 
drink, or with the air that is breathed, and if the body 

♦''Nature comes to the assistance of mankind, and protects many 
by destroying these germs even after they have invaded the 
S3^tem. There is inherent in all animals, and manifest to a 
greater or less extent, a physiological resistance of the infectious 
diseases. There is no doubt but that every adult has at some 
time unawares entertained the germs of the contagious diseases, 
and has at some time come in contact with them ; has breathed 
them into the lungs ; has taken them in the diinking-water ; has 
swallowed them with uncooked food; has carried them in the 
clothing and in the hair; has handled them clinging to some old 
book or paper; and has brought them from some hiding-place 
where they have lain for years. But bacteria alone, even though 
of the most virulent type, are not capable of causing disease, 
unless the conditions are favorable. If this were not so the world 
would long since have been depopulated.*' 



Digitized by 



Google 



362 HUMAN PHYSIOLOGY AND HYGIENE. 

is not in a suitable condition for their growth they are 
all destroyed within it. If, however, the opposite be 
true, they immediately begfin their development and 
their work of destruction. 

647. Prevention of Disease. — Disease is a condition 
which is certainly preventable to a very great extent. 
A healthy body and clean surroundings are the great- 
est enemies to disease. If one would live according 
to the rules of hygiene which have been explained in 
the preceding pages, he could keep his body in such a 
condition that disease germs could not thrive within it ; 
and if the locality in which he lived were kept in a 
sanitary condition, disease germs could not exist there. 

Where these pests do exist it is necessary to destroy 
them as completely as possible. This is done by some 
process of disinfection. 

648. Disinfection. — The object of disinfection is to 
prevent the spread of infectious diseases by destroying 
the specific germs by which they are caused. Pure 
air, pure water, and sunlight may be said to be 
nature's disinfectants. Where they are found but few 
disease germs can exist. In many cases, however, 
these are absent or insufficient, and then other means of 
disinfection must be devised. 

649. The following recommendations of the Ameri- 
can Public Health Association are of much value : 

The three methods of disinfection are, first, by fire, 
destruction by burning; second, subjecting anything 
to be disinfected to superheated steam or dry heat; 
and third, by the use of chemical germicidal poisons. 

For disinfection of clothing, bedding, and rags the 
following is recommended : 

I. If of little value, complete destruction by burning ; 
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2. Boiling for at least one half hour; 

3. Exposure to superheated steam, temperature 221® 
F., for ten to twenty minutes; 

4. Exposure to a dry heat for two hours at a temper- 
ature of 230® F. 

For furniture and articles of wood, leather, and porce- 
lain: Washing frequently with a 2-per-cent solution 
of carbolic acid. 

For the person : The hands and general surface of 
the body of the attendants of the sick, and of con- 
valescents, should be washed with one of the following 
preparations : 

1. Solution of chlorinated soda, one part to ten of 
water ; 

2. Carbolic acid, 2-per-cent solution; 

3. Mercuric chloride, i part to 500 of water; 

4. Carbolic acid, 5-per-cent solution. 
For disinfection of sick rooms : 

1. First rub the surface of the walls and ceiling 
with a piece of new bread, if the walls are painted or 
covered with paper. This is the best method to 
detach any germs. 

2. Then fumigate with sulphur dioxide or fumes of 
burning sulphur for twelve hours, using at least three 
pounds of sulphur for every 1,000 cubic feet of air- 
space in the room. 

3. Finally wash the walls with either mercuric chlo- 
ride solution, I to 1,000; or carbolic acid, 2-per-cent 
solution. 

For excreta in sick room one of the following: 

1. Chloride of lime, 4-per-cent solution; 

2. Carbolic acid, 5-per-cent solution; 

3. Sulphate of copper, 5-per-cent solution. 
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For closet vaults, pour in a liberal quantity of 

1. Mercuric chloride, i part to 500 of water; or 

2. Carbolic acid, 5-per-cent solution. 

The infectious character of the dejections of patients 
suflfering from cholera and from typhoid fever is well 
established. They are as dangerous in mild cases as in 
severe and fatal ones. It is probable that epidemic 
dysentery, tuberculosis, and perhaps diphtheria, yel- 
low fever, scarlet fever, and typhus fever may be 
transmitted by means of the discharges of the sick. It 
is, therefore, important that these should be thoroughly 
disinfected. 

In cholera, diphtheria, yellow fever, and scarlet 
fever, all vomited material should be looked upon as 
infectious. And in tuberculosis, diphtheria, scarlet 
fever, and infectious pneumonia the sputa of the sick 
should be destroyed by fire, or thoroughly disinfected.* 

Disinfection is always to be carefully supervised by 
a competent individual, and, as a rule, people should 
never entrust the disinfection of materials to servants. 
Where it is to be presumed that any locality, room, 
out-building, piece of clothing, or any other material 
is the bearer of infectious or dangerous contagion, it 
will be a saving of time and expense to secure a trained 
and efficient sanitarian to superintend the process of 
disinfection. 

550. How to Ouard Against Contagious Diseases. — 

♦Many people do not understand the meaning of the word disin- 
fection. To them, anything that will destroy offensive odors is a 
disinfectant To the nmsses, the purpose of disinfection is to 
destroy the offensive odors in a sick room, a closet vault, or a 
decomposing mass. The true object of disinfection is to destroy 
the specific infectious germs which give rise to disease. 
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Contagious diseases are spread from one person to 
others in a variety of ways. 

Scarlet fever is very easily contracted, especially by 
children, and it is very contagfious. This disease is 
spread by means of the discharges of the nose and 
throat, and especially by the scales which occur upon 
the surface of the skin during the progress of the 
disease. 

Smallpox^ measles^ and whooping cough are spread by 
means of the discharges from the body, and are very 
contagious. 

Typhoid fever is rarely contracted by direct contact, 
but by introducing into the body germs of the dis- 
ease. These germs come from the discharges from 
the body of the patient, and generally find entrance 
into the system through contaminated drinking-water, 
or impure milk, or improper food. * 

Diphtheria is a most dreaded disease. It is com- 
municated from one person to another by the saliva 
and secretions from the throat, which, drying, are 
converted into fine dust. If this dust be breathed by 
other persons, the germs find their way into the body, 
and the disease is likely to be produced. Poor drain- 
age and insufficient sewerage are no doubt frequent 
causes of diphtheria. 

♦*'When there is danger of pollution or a suspicion of disease 
:5erms, and a suitable filter is not in use, the water should be 
boiled, as boiling destroys all disease germs in ten minutes." 
(Sternberg.) If boiling does render drinking-water rather 
unsavory, it has the advantage of being effectual in the face of 
danger from infection, and it is within the reach of the most 
impecunious. Next to the air we breathe, water is probably the 
most important element in nature, and it should not only be pure 
but abundant. 
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Consumption^ or phthisis^ is' a disease the seat of 
which is in the lungs. This disease causes more 
deaths than any other. It is an infectious disease, and 
is spread chiefly by dried expectoration of those suffer- 
ing from it. This dried expectoration is quickly con- 
verted into fine dust, which, floating in the air, carries 
germs of consumption with it to be breathed by other 
persons.* 

To prevent the spread of contagious diseases^ remem- 
ber that all discharges from the nose, mouth, skin, 
etc., are likely to produce infection in other persons. 

Isolation, perfect cleanliness, and disinfection are all 
necessary to the prevention of the spread of contagious 
diseases. 

No one should go from a sick room into the pres- 
ence of other persons until he has changed his cloth- 
ing and washed his hands, face, and head. 

The clothing of the person afflicted should not be 
worn by any one else, and none of his bed clothing 



*To Prevent Consumption, — ^Those who are well should remem- 
ber that it is an infectious disease, communicated principally by 
swallowing the germs, by inhaling them, or having them intro- 
duced through a wound. 

Therefore, do not buy or use food that has been handled by a 
consumptive. Do not share the food or drink of a consumptive. 
Do not sleep with a consumptive. 

Do not put coins or small articles in vour mouth that may have 
been handled by a consumptive. 

Do not kiss any one on the lips if he has a cough. Do not take 
food without first washing your hands. 

A consumptive person should spit in a cup or wide-mouthed 
bottle, containing a little carbolic acid and water, and frequently 
washed with hot water. He should never spit on the street, or 
floor of house, or cars. 
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should be used by others until thoroughly disin- 
fected. 

One should not go near the sick person unless neces- 
sity demands it. 

The lips should not be touched to cups, spoons, food, 
or drink, which have been in the sick room or which 
the sick person has handled. 

When the person has recovered, everything that he 
has touched or that was in his room should be thor- 
oughly disinfected. 

551. Alcohol and Diseases. — The drinker of alcoholic 
liquors seldom recovers speedily from disease, and he 
is always the most likely to be attacked by it. The 
general health of his system has been impaired, and his 
body is in a suitable condition for the development and 
growth of disease germs. 

Many a young man has died of disease who, if he had 
not been a drinker of alcohol, might have lived to an 
advanced age. 

The appetite for alcoholic drinks — alcoholism — ^is 
said to be itself a disease. Children of parents 
addicted to the alcohol habit have often an uncon- 
trollable appetite for strong drinks. This may well be 
called a disease which is the result of inheritance, — an 
hereditary disease. 

Statistics show that a large proportion of persons 
afflicted with insanity are the descendants of drinkers 
of alcoholic liquors ; they show, also, that the children 
of intemperate parents are frequently subject to epi- 
lepsy or fits ; and that in many cases of idiocy or weak- 
mindedness, the lack of intellect is directly or indirectly 
traceable to the use of alcoholic beverages by parents 
or other ancestors. 
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LX.— THE CARE OP THE SICK. 

552. The Boom occupied by the sick should be situ- 
ated in a quiet part of the house, where plenty of sim- 
light may be had. Sunlight and fresh air are direct 
enemies to disease germs, and are admirable disinfect- 
ants. A bright, cheerful, sunny room tends to hasten 
recovery. A dark, gloomy room retards recovery, and 
is favorable for the breeding of disease germs. 

553. An abundance of fresh air in the sick room is 
of the greatest importance. If there is an open fire- 
place it will be of much advantage in promoting venti- 
lation. If a proper change of air is not otherwise pro- 
vided, see that the windows or doors are opened enough 
to supply an abundance of outdoor air. The patient 
may be protected from drafts and from the sensation of 
chilliness while the room is being aired, by using 
screens about the bed and extra bedclothing upon it. 
Offensive odors and the smells of the kitchen should 
not be allowed to enter the room. If the room becomes 
close, and the air in it seems foul, the patient may be 
completely covered with blankets and the windows 
thrown open until the room is thoroughly aired. 

664. The furniture in the room should be only such 
as is absolutely necessary. All useless bric-a-brac and 
draperies should be removed. It is better to have the 
floor bare, with rugs or strips of carpet placed here 
and there so as to deaden the sound when walking. 
The chairs should be hard-bottomed ones ; upholstered 
furniture is entirely unsuitable for a sick room. Such 
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furniture soon becomes a veritable nest of dirt and 
germs. An iron or brass bedstead is the best, and a 
mattress, should be used, never feather beds. 

666. Quiet — ^Avoid all uimecessary noises that 
would be apt to disturb the patient. One should not 
walk about the room with squeaky shoes; and care 
should be taken that the hinges of the doors do not 
creak. Sick people are very easily disturbed by noise, 
especially sudden sounds, as the slamming of blinds 
or doors. When conversing in the presence of a sick 
person, one should always talk in his natural tone of 
voice ; whispering is very annoying, and often tends to 
produce a sense of alarm in the patient Do not per- 
mit sympathizing friends to annoy the sick one by 
frequent visits and long conversations. Many a per- 
son has been killed by well-meant but mistaken kind- 
ness. Whatever is said to the patient should be of a 
cheery, pleasant character calculated to cause forget- 
fulness of pain. A smiling countenance, a hopeful 
look, a pleasant manner in the presence of the sick dis- 
pel gloomy thoughts and are in themselves potent 
medicines. 

666. Cleanliness in all things is very necessary. The 
bedclothing and the clothing of the patient should be 
fresh and be frequently changed. All soiled clothing 
should be removed from the room at once, and it is 
advisable that it be at once placed in boiling water. A 
supply of fresh flowers tends to make the room more 
bright and cheerful. 

667. The temperature should be kept as nearly 
uniform as possible. Sudden chilling is to be avoided, 
as well as excessive heat. A temperature of about 70® 
P. is usually best. If the room should, from any cause, 
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become too cool, care should be taken to keep the pa- 
tient protected by using extra covering. Sudden 
drafts of cold air are to be especially guarded against 

668. The medicines should be kept near at hand, 
but out of sight of the patient. They should be prop- 
erly labeled, and such drugs as are poisonous should 
be kept by themselves, preferably in a closet under 
lock and key. Spoons and medicine glasses should be 
kept scrupulously clean, and also out of sight of the 
patient. Drinking-water should not be kept standing 
in the room, but fresh water should be supplied each 
time it is required. Remnants of food should be 
promptly removed, and should always be thrown away, 
never eaten by other persons. 

Proper disinfectants may be used if recommended 
by the physician, but they should be used in a proper 
manner, and under his direction. The burning of 
pastilles and spraying of perfume do not disinfect a 
room, and are usually offensive to the patient. 

669. The Physician and the Nurse. — If the services 
of a physician be employed, it is absolutely essential 
that all his orders be strictly obeyed. The medicines 
should be given regularly and exactly as directed. 
No other remedies should be given than those ordered 
by the physician, and no heed should be paid to the 
recommendations of kind neighbors to give this, or 
that, or the other thing, because it has cured some one 
else. It is best to write upon a slip of paper all direc- 
tions given by the physician, so that there shall be no 
mistakes made as to what to do or as to the exact 
time of giving medicines. 

To the nurse, if one is employed, belongs the gen- 
eral supervision of the room. She sees that it is kept 
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cheerful and clean, that the wants of the patient are 
attended to, and that the orders of the physician are 
properly carried out. Her suggestions and wishes 
should be heeded by members of the family and by 
visitors to the patient. She should see that the 
patient is not annoyed or disturbed by noises or by too 
much conversation, and should at all times attempt to 
remove any feeling of apprehension or fear which he 
may have. Good nursing has much to do in hastening 
recovery from disease. It is really a carrying out of 
proper hygienic rules by which the patient is kept in 
clean, sanitary surroundings, is supplied with proper 
food and drink, with fresh air and sunlight, and with 
sufficient rest. 

660. Care of the sick in contagious diseases is the 
same as in other diseases, with the additional caution 
that the patient shall be completely isolated from the 
other members of the family, and be denied the pres- 
ence of visitors. Extra caution must also be exercised 
in the disposal of soiled clothing, etc., and more 
attention is to be paid to the disinfection of the room 
and its contents. 



LXI.— FIRST AID TO THE INJURED. 

661. Emergencies. — A little reliable information in 
regard to what to do in cases of accidents and emer- 
gencies will, at some time, probably prove of great 
service. To very many persons there are times when 
such information may be put to good practical use, 
and, indeed, may be the means of saving a human 
life. Bystanders, in case of an accident, are usually at 
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a loss to know what to do, and hence the simplest, but 
most important things, which might aid the injured, 
are neglected. As a general rule, whatever is done 
must be done qiiickly, and it is not always possible to 
wait for the arrival of a physician or surgeon. Many 
lives, no doubt, have been lost which might otherwise 
have been saved if some bystander had only known 
what to do and how to do it. 

562. General Accidents. — ^When an accident occurs 
people usually crowd closely about the injured person. 
This should not be done. The crowd should be kept 
back so as to allow of ten or fifteen feet of free space 
on either side of the victim of the accident. This, 
besides affording plenty of breathing space, makes room 
for those who are aiding the sufiEerer, and gives them a 
chance to select whatever assistance they may require 
from the bystanders. 

668. Shock. — If the person has fallen from a build- 
ing or been thrown from a carriage, or injured by a 
blow, he may be unconscious, even though none of his 
bones are broken and he is not internally injured. 
Unconsciousness in such cases results from an efiEect 
upon the nervous system which is called '* shock**; the 
person has fainted. The sufferer should be placed flat 
upon his back, with his head and shoulders slightly ele- 
vated. The limbs should be straightened out so that 
the heart may work with the least effort. The dress, 
coat, or collar should be loosened about the neck or 
chest. The forehead should be bathed with a little cold 
water, and then the person given a sip of water. Then 
allow him to inhale a few drops of ammonia upon a 
handkerchief, and gently rub his hands and feet. If the 
injury is not very severe, reaction will soon take place, 
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and consciousness will be restored. If it is necessary to 
remove the injured person to the hospital or to his home, 
a * 'stretcher" should be secured upon which to carry him, 
A settee or a shutter will answer the purpose. He should 
be carefully slipped upon it, and four persons, one at 
each comer, should lift it and gently carry him to his 
destination. 

664. Asphyxia is a term used to denote suspended 
animation resulting from a lack of oxygen supplied to 
the blood. Asphyiria may be caused by submersion in 
water, by strangling, by the presence of foreign bodies 
in the windpipe, by smothering, or by the inhalation 
of gases. 

666. Drowning is an accident of frequent occur- 
rence, and whatever aid is given to the victim must be 
given very promptly. It is the duty of every person 
to know what should be done in such cases. The fol- 
lowing steps are necessary: Recover the body as soon 
as possible from the water. Then laying it upon the 
ground turn it over so that the face shall look down- 
ward. Open the mouth and with the finger press 
down the tongue so that whatever water and mucus 
there may be in and about the windpipe may flow 
away. The body may be raised so as to let the head 
hang down, thus facilitating the running out of the 
water and mucus. The clothing should be quickly 
removed, so that there shall be no hindrance to the 
action of the heart and lungs. 

The great problem now is to supply the blood with 
oxygen, and as this can only be done by the air entering 
the lungs it is necessary to produce the acts of respira- 
tion. This may be done artificially, one movement ex- 
panding the chest cavity, the other contracting it. 
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There are several ways of producing artificial respira- 
tion, Sylvester's method being probably the best. In 
appljdng this method the mouth should be kept open 
and the tongue depressed, the body Ijdng flat on the 




Fig 186.— Abtivicial Rbspibation. First Movbmrnt. 

back. Taking hold of the arms near the elbows, draw 
them away from the sides and upward above the 
head (Fig. i86). Hold them in this position a short 
time, then slowly bring them down to the sides, making 
the elbows almost meet over the pit of the stomach, 
and exerting slight pressure with them (Fig. 187). 
These motions should be repeated constantly twelve 
to sixteen times a minute. The first movement pro- 
duces the act of inspiration, the second that of expira- 
tion. 

Another method of artificial respiration and one 
which is of special utility if the helper should be alone, 
is as follows : 

Lay the drowned person flat upon his back and open 
his mouth, placing the finger upon his tongue to keep 
it depressed. Now, with one hand upon the abdomen, 
press upward and backward until you have forced as 
much air as possible from the chest. Remove the 
hand, and air will enter the lungs. Then make pres- 
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sure again, and continue, repeating the operation twelve 
or fifteen times a minute. 

Persist in the performance of artificial respiration 
until natural breathing has returned. The patient 
should then be wrapped in warm blankets or clothing, 
and the trunk and limbs should be briskly rubbed, so 
as to aid in restoring the circulation. The body should 
be kept warm — if necessary by the application of hot 




Fig. 187.— Artificial Rbspiration. Second Movsuxnt. 

cloths, hot irons, hot bricks, etc. — until complete 
reaction has followed. 

566. Suffocation is asphyxia resulting from the in- 
halation of gases. 

Carbonic acid gas, coal gas, and illuminating gas, 
all, if breathed, will produce asphyxia. A person 
who has been overcome by this form of asphjrxiation 
should at once be carried into the open air and laid 
flat upon his back. The clothing about the neck and 
chest should be loosened, and the neck, face, and 
shoulders should be dashed with cold water. Arti-r 
ficial respiration should at once be performed, as in 
cases of drowning, and the limbs should be rubbed and 
chafiEed to assist in the circulation of the blood. If the 
weather is such that the asphyxiated person cannot be 
carried into the open air, he should be placed in a large 
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room where plenty of fresh air is available. While 
artificial respiration is being performed, the lookers-on 
should not be allowed to crowd around, as the attend- 
ing person must have plenty of room in which to work. 
After consciousness has returned, treat in the same way 
as for drowning. 

667. Foreign Bodies in the Throat. — These, by press- 
ing upon the windpipe, often produce certain symptoms 
of asph)rxiation. A piece of food or other substance 
which gets into the throat and cannot be swallowed 
should at once be removed. Sometimes a sharp blow 
on the back between the shoulders will serve to dis- 
lodge it. Often it may be reached by the finger, and 
either pushed downward or pulled out. Sometimes 
the drinking of water will force it on into the stomach. 
If necessary, a hook may be improvised from a wire 
hairpin. With the removal of the foreign body the 
symptoms of asphyxiation will disappear. 

568. Sunstroke. — Everybody is familiar with the 
meaning of the word sunstroke. It is a disorder to which 
the intemperate are specially susceptible. Weak per- 
sons who sleep in ill- ventilated rooms are more liable 
to it than those who are strong, or whose sleeping- 
rooms have an abundance of fresh air. Sunstroke is 
produced by high temperature. It may be from the 
sun, or it may be from artificial heat. Men who work in 
very hot rooms, as in sugar refineries, are often sub- 
ject to it. 

Symptoms, — Most cases of sunstroke are preceded 
by pain in the head, disturbed sight, muddled 
thoughts, pain or a sense of weight at the pit of the 
stomach, more or less difficulty in breathing. Soon 
the victim becomes insensible, the skin is hot, the face 
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a dusky blue, and the breathing is rapid and short. 
The heart's action becomes rapid, and the afflicted 
person often does not move a muscle. 

Treatment in cases of sunstroke should be prompt. 
The person should be carried to a cool place, where 
plenty of air is available. In the shade out of doors is 
the best place. People should not be permitted to crowd 
closely about. The clothing should be loosened or 
removed and the person be placed upon his back with 
his head raised a little. Ice should be procured if 
possible, otherwise use the coldest water obtainable. 
Pour cold water over him, and rub his entire body 
with pieces of ice, not neglecting his head. When the 
heat of his body has been reduced, the cold applica- 
tions may be discontinued and the body wiped dry 
with towels. If the excessive heat of the body returns, 
the cold applications must be renewed. If necessary, 
artificial respiration should be performed until natural 
respiration begins. 

669. Prevention of Sunstroke. — Prevention of an 
attack of sunstroke may be accomplished by paying 
careful attention, during the hot weather, to the few 
following rules : 

Abstain strictly from the use of any alcoholic 
drinks. They always render the system susceptible to 
an attack of sunstroke. 

Get plenty of sleep in well-ventilated rooms. 

Take a bath, or sponge off the whole body each night 
before retiring. This will keep the skin in healthy 
working order. Avoid drinking large quantities of 
cold water, especially about meal times. Wear loosely- 
fitting clothes. A straw hat of loose texture is advisa- 
ble for the head. 
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Should you feel any symptoms of sunstroke, rest 
until recuperated in some cool place that is protected 
from the sun's rays. 

The hot summer months is the time when the greatest 
care of the body is necessary. The various organs are 
then more liable to become deranged, and the whole 
system demands constant attention. Perfect digestion 
and perfect action of the skin are of much importance, 
and they act as the best preventions of sunstroke. 

670. Fainting. — A person who has fainted should 
be laid flat upon the floor or bed, the clothing about 
the neck should be loosened to accelerate the flow of 
blood to the head, and the forehead and temples be 
bathed with cold water. This treatment will very 
soon revive him. If the person be seated in a chair 
when he faints, the chair with him in it should be tipped 
back until his head almost touches the floor. He will 
almost immediately revive. In cases of fainting there 
is an insufficient flow of blood to the head; hence the 
object of placing the head lower than the body is to 
accelerate the flow of blood to it. 

571. Burns. — Burns and scalds are accidents of 
very common occurrence, and they should receive 
prompt attention. It sometimes happens that the 
clothing of a person catches fire. In such case the 
person should be thrown flat upon the ground, to pre- 
vent the flames rising and burning the face, and he 
should then be immediately rolled in a blanket, a rug, 
a piece of carpet, an overcoat, or whatever is handy 
that will stifle the flames. 

After the fire is all out, the clothing should be 
removed by cutting it, and if any part of it sticks to 
the body, it should not be removed by force. The 
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victim should be kept as quiet as possible, as he will 
be suffering from shock. 

For the relief of bums any of the following applica- 
tions may be used, the first being probably the best if 
it can be obtained: 

Linseed oil and lime water, mixed in equal parts. 

Pure leaf lard. 

Wheat flour dusted over the parts. 

The white of egg applied to the parts. 

Cloths kept constantly wet with cold water applied to 
the parts, or a lather of soap thoroughly applied. 

Any one of these may be used in an emergency, but 
the services of a competent physician should always be 
employed, especially if the bum is a deep one. 

Scalds are treated in the same way as bums by fire. 

572. Bums by Acids. — If strong acids come in 
contact with the skin they will destroy it. In cases of 
burning by acids, the wound should be thoroughly 
washed with water, soap and water, or soda and water. 
Alkalies serve to neutralize acids; therefore earth 
containing a certain amount of alkali is a very useful 
application to acid burns. Apply it in handfuls to the 
injured part. 

573. Burns by Alkalies. — These bums may occur 
from lime, potash, soda, ammonia, etc. Acids will 
neutralize an alkali; hence the part should be thor- 
oughly washed with a weak acid solution, as weak 
vinegar, or water with a little lemon juice in it. If 
either acid or alkali bums are severe, a physician 
should be consulted, as they require the same careful 
treatment as other deep bums. 

574. Bruises. — If a bruise is very severe, a condi- 
tion of ** shock" often results. In ordinary bruises 
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there may be much pain and tenderness, but no 
••shock." If there is shock, treat it as you have 
already learned. Cold, wet cloths should be applied 
constantly to the injured part until the pain and swell- 
ing have sub- 
sided. Discolora- 
tion, black or blue, 
generally results 
in the injured tis- 
sues, but this will 
gradually disap- 
: pear. Gentle rub- 

FlO. 188.— LXGS TiKD TOOBTHBB IN CASB OF bing" Wltll aUY 

mild liniment will 
hasten the disappearance of the discoloration. 

676. Fractures and Dislocations. — These are both 
serious injuries, and require very careful and proper 
treatment. A person who is not experienced and has 
not a knowledge of their proper treatment should 
never attempt to do more in such cases than to make 
the injured person comfortable until the arrival of 
competent help. If the injury be of an upper limb it 
should be carefully supported in a sling. If of a lower 
extremity, it should be kept extended and as quiet as 
possible. Generally by extending both limbs and 
fastening them both together with handkerchiefs con- 
siderable ease is afforded (Fig. 188). The same end may 
be accomplished by the use of a cane, a stick, or a 
piece of lath (Fig. 189). 

Do not handle an injured limb yourself, nor allow 
bystanders to do so. Besides increasing the pain, the 
handling of it may produce a still more serious injury. 

676. Wounds. — These are perhaps the most fre- 
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quent accidents with which you may come in contact. 
There are four classes of wounds with the treatment 
of which you should be familiar. They are : 

1. Incised wounds, or those which are clean cut as 
with a knife. 

2. Punctured wounds, as a stab, a nail puncture, or 
a gunshot wound. 

3. Lacerated wounds, where the tissues are torn. 

4. Poisoned wounds, as the bites of snakes, dogs, or 
insects, and the stings of insects. 

677. Hemorrhage or Bleeding occurs in all wounds, 




Fig. 189.— Use of a Cax^k in Cask of Fracturk. 

and is the most profuse in incised wounds. Usually the 
bleeding will stop in a short while, on account of the 
clotting of the blood about the wound. If the bleed- 
ing is not profuse, the application of heat or of cold will 
help to arrest it. If, however, a large blood vessel is 
injured and the bleeding is abundant, firm pressure 
should be applied over the wound so as to diminish 
the flow of blood sufficiently for clotting to take place. 
Sometimes it is impossible to stop the flow of blood by 
pressure over the wound. In such cases the pressure 
must be applied to the vessels — above the wound, if 
the bleeding is arterial, below it if it is venous. To 
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determine as to whether blood comes from a vein or 
from an artery, it is important to remember that : 

In venous hetnorrhage the blood flows in a steady 
stream^ and is of a dark blue color; but 

In arterial hemorrltage the blood flows in spurts^ and 
tsofa bright red color. 

In case of arterial hemorrhage, if the injury is in the 

hand, press upon the 
arteries in the wrist. 
If in the foot, press at 
the inside of the ankle. 
If of a finger, press 
upon either side of the 
finger above the wound. 
If the pressure upon any 
one of these points is 
not suflBcient to control 
the hemorrhage, then 
pressure must be ap- 
plied to the main trunk 
of the artery. This 
pressure may be done 
either with the fingers 
or by means of a tour- 
niquet. The tourniquet 
maybe quickly made by 
taking a handkerchief, tying it about the limb, making 
as large and as firm a knot as possible. Place the knot 
over the point where pressure is desired, then intro- 
duce under the handkerchief a stick. Twist the stick 
in such a way as to tighten the handkerchief until there 
is sufficient pressure of the knot upon the artery to 
arrest the hemorrhage. Figs. 190, 191, 192, and 193 




flo. 190.— prbssubb upon thk main 

Artery of thb Arm. 

(Dotted lines show the course of the artery.) 
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will illustrate the manner and position of applying 
pressure to the leg and arm, both with the fingers and 
with the tourniquet. 

If the wounded person faints, treat him in the man- 
ner already designated (§ 570). If much blood has 
been lost, the patient should be kept quietly in bed and 
fed upon nourishing, easily digested foods, as beef tea, 
eggs, or soups, until the 
strength is to a great part 
recovered. 

578. The Treatment of 
Incised or Cut Wounds is 
comparatively simple. 
After the bleeding has 
partially ceased, the wound 
should be washed with 
warm water. Then the 
edges of the wound should 
be drawn together and by 
means of strips of adhe- 
sive plaster fastened in 
place (Fig. 196). A better 
method is to take two 
strips of adhesive plaster 
(as in Fig. 195), place one 
upon either side of the wound, and then, by means of a 
needle and thread, draw them together in such a 
manner as to close the wound. Never cover a wound 
entirely with adhesive plaster or court-plaster. Apply 
it in strips, so that there shall be room for the removal 
of any discharge that may occur in the wound. If the 
wound be of the scalp, the hair must be carefully 
removed from it, and the head be shaved all around it 




Fig. 191.— Pbkssubb upon thb Main 

Artery of thb Lsg. 

(Dotted lines show the course of the 

artery.) 
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before it is closed up. After a wound has been closed, 
it should be bound up with perfectly clean white cloths, 
old linen or cotton being the best. Cleanliness in the 
treatment of wounds is of the utmost importance. 
The cleaner the wound is kept, the quicker it will 
heal. It is best that the dressing should be kept 
moist with cold water or some antiseptic solution. 
Salves, liniments, herbs, etc., should not be applied, 

for they will usually retard 
the healing process. Do 
not change the dressings too 
often. If there is not much 
swelling, pain, or inflamma- 
tion, once in three or four 
days will be often enough. If 
the wound does not heal 
readily, a physician should 
always be consulted. 

579. Punctured Wounds 
are often difficult to treat. 
All foreign matters, such as 
dirt, etc., should be removed 
as thoroughly as possible 
from the wound, and a piece 
of cloth moistened with water 
should be applied. Inflammation and severe pain are 
very likely to occur in this class of wounds. The punc- 
tured wounds with which you will most often have to 
deal are those produced by thorns, nails, or splinters. 
In all cases the nail, thorn, or splinter should be 
removed. Do not leave it to work its way out, as is 
often done. If you cannot get hold of it sufficiently to 
pull it out, take the clean, sharp blade of a penknife 
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and cut along it sufficiently to enable you to catch hold 
of it and remove it. If a splinter has run underneath 
the finger nail, scrape the nail over it until it is very 
thin, then cut through to the splinter and remove it. 
In all cases of punctured wounds, cleanliness is abso- 
lutely necessary. Keep the parts well washed with 
warm water in which is a little carbolic acid, and apply 
cloths wet with a weak solution of the same acid. If 
any inflammation occurs, seek 
the advice of a physician at 
once. 

580. Lacerated Wounds are 
those in which the flesh is torn. 
All foreign substances should 
be removed from the wound, 
and it should be thoroughly 
washed out. The edges of the 
wound should be brought to- 
gether as much as possible by 
the means employed in incised 
wounds, and it should then be 
bound up in clean cloths and 
kept moist with a very weak 
solution of carbolic acid or 
other disinfectant. All wounds, 
if they do not heal readily, or if they seem at all serious 
in their nature, should be treated by a competent 
physician. 

681. Poisoned Wounds. — The stings of hornets and 
bees are very painful and accompanied by much swell- 
ing. The application of a little ammonia, or even of a 
little dampened salt, will often afford much relief. 
Cold applications soon reduce the swelling and 
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remove the inflammation. Snake bites, if the snake is 
of the venomous kind, demand instant treatment A 
removal of the poison is of the utmost importance. 
This may often be done by applying the mouth to the 
wound and sucking the poison out, an operation which 
can be accomplished with safety if 
there is no sore or wound upon the 
tongue or lips. If the poison can- 
not be removed in this way, take a 
knife and cut away the tissues from 
around the wound, then sear the 
surface with a hot iron. If a stimu- 
lant is needed, give ammonia or 
„ .,. „ , strychnine. **The employment of 

Fio. 194.— How TO A.R- -^ tr J 

^JP^S^St"^^"""^'^® enormous doses of alcohol (in treat- 
ing snake bites) cannot receive too. 
strong condemnation," says a recent medical work 
endorsed by many prominent physicians. 

682. Dog Bites are of frequent occurrence, and as a 
usual thing are a source of much apprehension, 
although not always of danger. The danger of hydro- 
phobia from dog bites is not 
so great as is generally sup- 
posed, but, as in the case of 
other injuries, precautions *''®- ^^■^'J?ndtS^™S^"**' 
against any serious results 

are always advisable. If any particles of clothing are 
forced into the wound by the dog's teeth, they should 
be removed at once. The wound should be washed 
thoroughly, and suction may be applied to it with the 
mouth. The wound should always be cauterized. 
This may be done by taking an iron poker, a knitting 
needle, or other article, heating it red hot and wiping 
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it over the entire surface of the wound. The iron 
should be very hot, so that it will destroy all the tissues 
in the wound. After this has been done, the applica- 
tion of warm poultices will be beneficial. The bites 
of other animals should be treated in the same way 
as dog bites. 

583. Foreign Bodies in the Eye. — Foreign bodies, 
as cinders, dust, 
sand, pieces of metal, 
etc., often find their 
way into the eye and 
cause much pain and 
distress. They are 
frequently washed 
out by an extra se- 
cretion of tears which 
takes place. If not, 
it is necessary to re- 
move them by some 
other means. By 
separating the lids, 
the particle may 
sometimes be seen 
and brushed away 
with the comer of a 
handkerchief. If the 

particle be adherent to the inside of the upper lid, 
place a match or wooden toothpick over the eyelid 
and, catching hold of the eyelashes, turn the lid up- 
ward (Fig. 197). This will expose the under surface 
of the lid, and the particle can easily be removed with 
the corner of a handkerchief. If the particle is im- 
bedded in the surface of the eyeball, a tiny camel's hair 
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brush moistened with water will usually serve to loosen 
it so that it can be removed. If a piece of lime has 
entered the eye, wash it out at once with water in which 
are a few drops of vinegar. 

After a foreign body has been removed from the 
eye, apply cold wet cloths until the pain and burning 
have ceased. Do not use "eye- 
salves" and ** eye- waters," as they 
will usually serve only to aggravate 
the trouble. In rubbing the eye, 
always rub toward the nose^ and 
never in the opposite direction. 

584. Foreign Bodies in the Ear. 
— If a foreign body gets into the 
Fio. m.-RKMoviNo G^r» ^o not attempt to remove it by 
^^""th^'?^'^'' probing for it with any instrument, 
as you are only liable to push it 
farther in. Try to wash it out by pouring water into 
the ear. If this does not remove it, consult a physi- 
cian. If an insect gets into the ear, it may generally 
be easily removed by pouring in sweet oil or glycerine. 
This drowns the insect, and it will soon, float to the 
surface, and can be removed. 

686. Frost Bite. — The fingers, toes, ears, or nose 
are sometimes more or less frozen by exposure to 
excessive cold. These parts are more likely than any 
others to suffer in this way because they are situated 
farthest from the heart and are most exposed. When 
a part begins to be frozen, the circulation of the blood 
in it ceases, it becomes swoUeii and bluish in color, 
then numb and pale. If the circulation of blood does 
not begin again within a reasonable time, complete 
death of the part will result. It sometimes happens 
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that the whole body succumbs to the cold in this way, 
and the person is then said to have been frozen to 
death. If any part, as a finger or a toe, is frozen, above 
all keep it away from the heat. The sufferer should be 
taken into a cold room, and the parts rubbed with snow 
or covered with cloths wet with ice water. After a 
while the parts will begin to regain their natural color, 
and the circulation will begin in them. They may 
then be dried, but the person should not go near the 
fire until the circulation and warmth in the parts is 
again normal. The treatment for a frozen person is 
similar, the whole body requiring this treatment. If 
respiration has ceased, artificial respiration must be 
resorted to, and persisted in until normal respiration 
is restored or hope is abandoned. 

686. Poisons. — ^What is a poison (§ 179)? How does 
it differ from food? Name some poisons that are 
taken under the mistaken idea that they are foods. 
When does a poison produce death? 

In a majority of cases a poison is introduced into the 
stomach and, being there absorbed, enters into the cir- 
culation, or it produces its poisonous effects directly 
upon the coat of the stomach. Such poisons as the 
acids, alkalies, arsenic, and phosphorus begin their 
destructive actions upon the throat and stomach as 
soon as swallowed. Other poisons, as alcohol, opium, 
belladonna, and aconite, are absorbed into the circula- 
tion and carried through the system, deranging the 
nervous system and destroying the various tissues. A 
poison which has been swallowed should be removed 
from the stomach as soon as possible, and what- 
ever poison has already had time to affect the 
system should, if possible, be counteracted. Any- 
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thing that serves to counteract a poison is called an 
antidote, 

687. Emetics. — The easiest way to remove a poison 
from the stomach is to induce free vomiting. This is 
done by giving emetics. An emetic of some kind is 
almost always obtainable, and amongst the best of 
them are the following: 

1. Take a tablespoonful of mustard, mix it with a 
cup of water. Give this to the person, following it 
with copious drinks of warm water. Vomiting will 
soon ensue. 

2. Take a teacupful of warm water, and dissolve in 
it as much salt as it will hold. This is a very efl&cient 
emetic if given freely. 

3. Tickling the inside of the throat with a feather or 
the finger will often induce vomiting. 

4. Sulphate of zinc is a most reliable emetic. 
Take as much as will lie upon a silver dime and dis- 
solve it in a cup of water. Give at one dose, and 
repeat every two or three minutes until vomiting en- 
sues. 

One vomiting is usually not sufficient to remove all 
the poison from the stomach. Continue giving 
copious drinks of lukewarm witer, thus continuing 
the vomiting and finally clearing the stomach. 

688. Antidotes. — The following list of poisons and 
their antidotes includes those poisons which are most 
frequently met with. It must be remembered, how- 
ever, that these suggestions are given to be of use only 
in cases of emergency, and the services of a physician 
should always be secured as soon as possible in all cases 
of poisoning. Give your emetics and your antidotes, 
however, until his arrival: 
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Carbolic Acid.. 

Oxalic Acid 

Nitric. 

Mineral Acids •{ Sulphuric, 

Muriatic. 



Caustic Alkalies. 



Lobelia , 

Colchicum., 



(Caustic potash. 
Caustic soda, 
Ammonia, 
Lye. 



Onium . 



' Laudanum, 
Paregoric. 
Mormiine. 
Soothing syrups. 
Cholera mixtures. 



Aconite . 



Belladonna 

Nux-Vomica, Strychnine.. . 



Arsenic 



Rat poison. 
Paris green. 
Fowler's solution. 



Corrosive Sublimate . 

Toadstools. 

Hemlock, 

Tobacco. 



i 
" 

Also various poi- 
sonous berries and - 
vegetables. 



Phosphorus.. 



Rat poison. 
Matches. 



Give emetics, then 
chalk or magnesia, 
and water. Give olive 
oil. flour and milk, or 
melted butter. 

Give chalk and water. 
Then plenty of olive 
oil. 

Give lime, magnesia, 
soap, or chalk and 
water often. Then 
olive oil or melted 
butter. 

Give lemon juice., or 
vinegar. Plenty of 
olive oil or melted 
butter. 

Give emetics and large 
doses of castor oil. 

Give emetics. Then 
give plenty of strong 
coffee, and keep the 
patient awake by con- 
stantly walking him.. 

Give emetics, and then 
plenty of stimulants, 
as coffee or ammonia. 

Give emetics. 

Give freely of emetics. 

Give emetics, then 
hydrated oxide of 
iron or dial vzed iron. 
Follow witn salt and 
gruel. 

Give freely of the 
white of egg or flour 
and milk. 

Give freely of emetics, 
then stimulating 
drinks, coffee or very 
dilute ammonia. 

Give emetics, mag- 
nesia and water, or 
soap and water. 
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(Page 26.) 

The General Structure of Bone. — Obtain at the 
butcher's a part of the shin-bone of a beef. Have it 
sawed in two, lengthwise. Note the compact and the 
spongy tissue, the medullary space and the marrow 
filling it. 

If the bone is a very fresh one, it will be possible to 
separate the periosteum. 

(Page 27.) 

Strength of Bone. — Have a cube of cancellous tissue 
sawed out of a large beef bone. Lay it on the table, 
and pile upon it books or other weights, and note the 
great weight it will support without breaking. 

(Page 28.) 
The Marrow. — To show that the marrow consists 
mainly of fat, take a small piece of it, first knead it 
between the fingers, noting its greasy feel, then place 
it upon a sheet of clean writing-paper, and heat it. 
The marrow will become melted, leaving a well-defined 
grease spot upon the paper. 

(Page 30.) 
The Organic Matter in Bone. — Take a small, long 
bone, such as the bone from a chicken's leg or a small 
sheep's rib, clean it thoroughly and immerse it for a 

392 
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few days in a weak solution of hydrochloric (muriatic) 
acid, a tablespoonful of acid to a quart of water, con- 
tained in a glass or porcelain vessel. The mineral 
matter is in this way dissolved out of the bone, leaving 
only the animal matter. Note how soft and pliable the 
bone has become, and how easily it may be cut with a 
knife. Note also its loss in weight. 

(Page 30.) 
• The Mineral Hatter in Bone. — Take a bone, weigh 
it, and then place it in a hot fire until it burns to a 
white color. Carefully remove it, and when cool note 
its loss in weight and observe that it is brittle and 
easily crushed. The fire burns out the animal matter, 
leaving only the mineral matter. 

(Page 64.) 
Arrangement of Muscles. — This may be shown by 
taking a small leg of lamb and beginning at the ten- 
dons at the small end, carefully dissecting each muscle 
upwards with a small, sharp knife. Note the shape of 
the muscles and the general characters of the tendons. 

(Page 64.) 
The Tendons. — Many of the tendons of the body 
may be easily felt, as those in the fore part of the 
wrist, the back of the knee, and the back of the ankle. 
The action of the tendons may be well shown by taking 
the leg and foot of a turkey or chicken and pulling 
upon each tendon, noting how it acts upon the toes. 

(Page 67.) 
Structure of Muscles. — Take a strip of lean beef, a 
piece of corned beef is the best, and have it boiled 
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until very tender. Carefully pick it to pieces, with 
the aid of needles, until it is separated into very fine 
fibers. Note the shape and size of the fibers, and how 
they run parallel to one another. 

(Page 72.) 
Contraction of Muscles. — Extend the left arm at full 
length, then, placing the right hand upon the front 
of the upper left arm, raise the left hand to the 
shoulder. Note how as the elbow is bent, the muscle 
(biceps) becomes harder and shorter. This same may 
be shown with other muscles of the body. 

(Page 96.) 
The Skin. — Examine the skin of the hand with a 
strong magnifying glass. Note the ridges in it, its 
general appearance, and the tiny <^nings of the 
sweat glands. These may be best seen in the palm of 
the hand. 

(Page 100.) 
Perspiration. — ^There is constantly given oflf by the 
skin more or less perspiration. Place upon the skin 
on the back of the hand a piece of rubber tissue 
or oil-silk. Remove in a few minutes, and the skin 
underneath it will be quite moist. This is due to the 
retention of the perspiration which is prevented from 
evaporating. 

(Page no.) 
Test for Sugar. — Obtain some Fehling's Solution at 
the drug store. Dissolve a little sugar in half a test- 
tube of water, then add to this a little of the Fehling's 
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Solution. Boil the mixture a short while, and note 
that a yellowish discoloration of the mixture occurs. 
This is called Fehling's test for sugar. The yellowish 
discoloration will not result if the mixture tested does 
not contain sugar. 

(Page III.) 
Starchy Foods. — ^To show the presence of starch, 
take a small quantity of starch, mix with water, and 
boil for a short time. Place the solution in a test-tube 
or a beaker glass, then add two or three drops of 
tincture of iodine. A blue color results. This is a 
reliable test for starch. 

(Page 134.) 
Action of Saliva. — The action of saliva may be shown 
by taking two test-tubes, A and B, filling each partly 
full of a thin starch paste. To the solution contained 
in tube B add some saliva, mixing well. Set both 
tubes in warm water for ten or fifteen minutes, then, 
removing them, add to both solutions a small quantity 
of Fehling's Solution. By boiling, the contents of 
tube A remain unchanged, but the contents of tube 
B become yellowish in color, showing that the saliva 
has changed a portion of the starch into sugar. 

(Page 144.) 

Action of Gastric Juice. — Take a beaker glass of 
water, and in it dissolve a few grains 6f pepsin and 
add a few drops of hydrochloric acid. This will 
answer as a substitute for gastric juice. 

To a small quantity of fibrin contained in a beaker 
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glass, add some of this gastric juice, enough to cover 
it, and allow it to stand for a while in a warm place. 
Gradually, the fibrin becomes swollen up and clear, 
and finally disappears, becoming completely dissolved 
and converted into peptones. To some lukewarm 
fresh milk, contained in a test-tube or a beaker glass, 
add a few drops of this gastric juice. In a very short 
time the milk curdles into a soft, sweet curd, entirely 
different from the curd which is formed when milk 
sours. Add to this curd an equal amount of the gas- 
tric juice, and keep it in a warm place for two or three 
hours. The curd is gradually dissolved, and what re- 
mains is a clear fluid containing peptones. 

(Page 156.) 

Action of Pancreatic Juice upon Starch. — Take two 
test-tubes containing thin starch paste, as in the pre- 
ceding experiment, and place in one a few grains 
of pancreatine. After a time test for sugar with 
Fehling's Solution. The tube to which the pancreatine 
has been added will show the presence of sugar, prov- 
ing that the pancreatine has converted a part of the 
starch into sugar. 

(Page 156.) 

Action of Pancreatic Juice upon Pats. — Place in an 
eight-ounce bottle about two ounces of warm water, 
to this add a few grains of pancreatine, shake well, 
then add a tablespoonful of sweet oil. Cork the bottle, 
and shake it vigorously. A creamy mixture (emul- 
sion) results. This illustrates well the emulsifying 
power of the pancreatic juice. 
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(Page 156.) 
Bil6. — Obtain from the butcher a beef's gall blad- 
der, containing bile. Note the shape of the gall 
bladder, etc. Open the gall bladder and collect the 
bile in a glass vessel. Note its odor, greenish color, 
and viscidity. The emulsifying property of bile may 
be illustrated by obtaining at the druggist's a small 
quantity of sweet almond oil, to which a small quantity 
of oleic acid has been added, and mixing this with four 
or five times its bulk of bile. Place in a bottle, and 
shake well. A very good emulsion will result. 

(Page 164.) 

Osmosis. — The action of endosmosis and exosmosis 
may be well shown in the following manner: 

Take a large glass tube, a cylindrical glass lamp 
chimney will answer admirably, and over one end of 
it tie a piece of moistened bladder. Fill the tube 
partly full of a solution of sugar or salt, and suspend it 
in a glass jar filled with water. In a short time the 
sugar or salt solution may be detected in the surround- 
ing water. The solution in the tube flows into the 
surrounding water, and the water passes into the tube 
through the animal membrane. The water flows into 
the tube faster than the solution flows into the sur- 
rounding water, as is shown by the tube gradually 
becoming fuller of liquid. This same experiment may 
be nicely shown by substituting a bladder for the glass 
tube. 

(Pages 173 and 213.) 

Th6 Heart and Lungs. — Obtain from the butcher a 
sheep's heart and lungs, in one mass, with the wind- 
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pipe attached. Note their relative position, then 
separate the heart and dissect both the heart and 
lungs, to show their general structure. The heart is 
to be dissected as follows: First find, by reference to 
Fig. Ill, the various large vessels connected with it, 
the aorta, the pulmonary veins, the venae cavae, and 
the pulmonary artery. Then, laying the heart upon 
the table, cut out a piece frona the lower part of the 
wall of the right ventricle. Enlarge this opening, cut- 
ting towards and up to the pulmonary artery, examin- 
ing the auriculo-ventricular valves and the pulmonary 
valves. Then slit down the pulmonary artery, and 
open the right auricles, examining the other side of 
these valves and the opening of the venae cavae. Turn 
the heart over, and proceed in the same manner with 
the left side, noting the various valves and the differ- 
ence in the thickness of the walls of the two ventricles. 
The lungs should be laid upon the table, and with a 
knife the windpipe should be cut open, showing the 
arrangement of the cartilaginous rings. Cut into one 
of the bronchial tubes, following out many of the 
branches. Cut off a piece of the lung tissue, and note 
its lightness and elasticity; throw it upon some water, 
and it will float. 

(Page 217.) 

To ninstrate the Hechanism of Sespiration. — A simple 
and inexpensive apparatus to illustrate the action 
of the diaphragm and the filling of the lungs with 
air may be made as follows: Take a moderately 
large glass funnel, F ; tie tightly to the end of a glass 
tube, T, a small elastic rubber balloon, L ; insert the 
other end of the glass tube through a cork in the neck 
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of the funnel, taking care to have it fit air-tight. 
Then, over the large end of the funnel stretch and 
fasten a sheet of elastic 
rubber, D, to the center of 
which has been attached a 
cord, C. Now let the fun- 
nel, F, represent the chest; 
the rubber sheet, D, 
the diaphragm; the ' glass 
tube, T, the trachea; and 
the rubber balloon, L, the 
lungs. When D, the dia- 
phragm, is at rest, L, the 
lungs, is but moderately 
filled with air, but pull on 
the cord, stretching the rub- 
ber, D, much as the dia- 
phragm contracts in the 
body, and air will rush 
through the glass tube into 
the rubber balloon, increasing its size. Instead of using 
a funnel for this apparatus, a common large lamp 
chimney will answer. 

(Page 224.) 
The Expired Air. — To show that the expired air con- 
tains carbonic acid gas (carbon dioxide) take a glass of 
lime water and into it put one end of a glass tube, 
then blow slowly through the other end so that the air 
may bubble slowly through the lime water. The lime 
water, which before was perfectly clear, now becomes 
milky in color, due to the throwing down of the lime 
which was in solution. This is caused by the carbonic 
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acid gas uniting with the lime to form an insoluble 
carbonate. 

To show that the expired air contains moisture, blow 
the breath upon a glass, mirror or polished metallic 
surface and observe the moisture deposited. 

To show that the expired air is warm, blow the 
breath upon the bulb of a thermometer and notice how 
the mercury rises. 

To the Teacher, — In addition to the foregoing, a 
number of experiments are indicated or suggested in 
the text. The practical questions will be found par- 
ticularly rich in suggestiveness. It has not been 
thought advisable to enlarge the volume by the 
insertion of useless or impractical experiments, much 
less to encumber the text with instructions for labora- 
tory work of a kind that is impossible except in a few 
specially equipped schools. 



MICROSCOPIC EXPERIMENTS. 

The Hicroscope. — In order to do thorough work in 
physiological anatomy, it is necessary to make use of 
a compound microscope. For general work, a moder- 
ately priced, high-power instrument is satisfactory. 
The appearance of the many tissues and structures of 
the body will be much better understood and remem- 
bered if studied with the aid of a microscope. To 
young people especially, the microscopic study is 
very fascinating. 
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(Page 67.) 

Voluntary Hnscnlar Tissue. — Take a small bit of raw, 
lean meat. Tease it (pick it apart) on a glass slide 
with a few drops of water until it is in very minute 
pieces, then cover with a cover glass. Examine care- 
fully with a microscope, noting the size, appearance, 
and arrangement of the fibers. 

(Page 71.) 
Involuntary Muscular Tissue. — Obtain a portion of a 
cow's stomach, and soak it for a time in a solution 
of bichromate of potassium. Then tease a small bit 
of it on a glass slide, and cover with a cover glass. 
Examine with a microscope, and note the difference 
from voluntary muscular tissue. 

(Page 92.) 
White Fibrous Tissue. — Take a small portion of a 
tendon of any animal. Carefully tease it with needles. 
Place upon a slide, add two or three drops of salt solu- 
tion, and cover with a cover glass. Examine through 
a microscope, and note the characters of the fibers. 

(Page 92.) 
Adipose or Fatty Tissue. — Take a small piece of fat 
from a sheep. Tease it apart, place on a slide with 
salt solution, cover with a cover glass, and examine. 
The fat globules may be easily seen. 

(Page 93.) 
Epithelium. — Gently scrape the inside of the lips or 
cheeks with a dull knife, and place the substance 
thus obtained upon a glass slide, add a drop of water, 
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and place upon it a cover glass. Epithelial cells of 
irregular shape are seen with the microscope. 

(Page 93.) 
Ciliated Epithelinm. — Gently scrape the membrane 
in the roof of a frog's mouth or a very fresh oyster. 
Place the substance obtained on a glass slide, add 
a drop of a solution of salt, and cover with a cover 
glass. With care the cilia may be seen rapidly moving 
when examined under the microscope. 

(Page 108.) 
Hilk. — Place a drop of milk on a glass slide, cover 
with a cover glass, examine with a microscope, and 
note the fatty globules which are suspended in it. 

(Page III.) 
Starch. — Take a piece of starch, mix with a little 
cold water, place a portion of this mixture upon a 
glass slide, cover with a cover glass, and examine 
with a microscope. Note the starch granules, their 
size, shape, and the markings upon them. 

(Page 189.) 
Blood Corpuscles. — Prick the end of the finger with 
a clean needle, a drop of blood will appear. Place 
the drop of blood quickly upon a glass slide, and 
cover with a cover glass. Examine carefully under 
the microscope, and note the red corpuscles, disk-like 
in shape, and the white corpuscles, larger and more 
globular, all floating in a clear fluid. Note how much 
more numerous the red corpuscles are than the white. 
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(Page 199.) 

To Show the Circulation of the Blood in a Frog's Foot. 

— This is one of the most beautiful microscopical ex- 
periments in the study of physiology. It may be 
performed as follows: Take a piece of pine board 
about a half inch thick, three inches wide, and five or 
six inches long. Through the center of this, cut a hole 
three quarters of an inch in diameter, and over this 
hole lay a piece of glass, which should be sunk into 
the board so as to be flush with its surface. Then 
take a live frog, and wrap it in a wet cloth, excepting 
one hind leg and foot. To the end of each of the two 
longest toes tie a piece of thread, then, placing the foot 
upon the glass, stretch the toes far apart, so that the 
web of the foot is stretched over the glass. Tie the 
threads so as to hold it in this position, and put it 
under the object glass of the microscope. Keep the 
fopt moistened occasionally. This procedure, if care- 
fully carried out, does not hurt nor injure the frog in 
the least, and the sight of the circulation of the blood 
through the tiny blood vessels is one that will well 
repay the students for all the trouble that has been 
taken. 

(Page 316.) 

Test for Impnre Water. — Obtain some water from a 
stagnant pool. Place a drop of it upon a glass slide, 
and cover with a cover glass. Examine under a micro- 
scope, and note the life there, both animal and 
vegetable. 
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and disease 367 
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74. 75. 79 

effects upon the nerves . 258 
effects upon the perito- 
neum 155 

•effects upon the respira- 
tory system .... 227 
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touch 275 

effects upon the skin . . loi 
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fatty degeneration caused 

by 79 

Alcoholic drinks . . . .115 
Alimentary canal .... 123 
Anatomy, definition ... 12 

Animal heat 242 

sources of 243 

Ankylosis 33 

Antidotes for poisons . .391 

Aorta 177 

branches of 199 

Aortic valves 177 

Appendicitis 159 

Appendicular skeleton . . 49 
Appendix vermif or mis . .159 
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Areolar tissue 91 
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injuries to 382 

Artery, pulmonic . . . .176 
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Artificial respiration . . .374 

Asphyxia 226, 373 

Assimilation 201 

Atlas 41 

Auditory nerve 284 

Auricles 175 

Auriculo-ventricular orifice 176 

Axial skeleton 45 

Axis 41 

Bacteria 358 

action of 360 

action of in fermentation 116 
Baking ..... 120, 309 

Bathing 319 

cautions about .... 322 
Baths, kinds of .... 320 

Beer 120 

Bicycling for health . . .338 

Bile 152 

Bleeding 381 

Blemishes of the skin . . 102 

Blood 185 

appearance of . . . .185 
composition of . . . .185 
corpuscles . . . . 186, 189 

formation of 188 

serum 187 

temperature of ... . 202 

transfusion 189 

vessels 193 

Blood-vascular system . .170 
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strength 326 
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parts composing ... 16 

tissues of 18 

Bone 26 

appearance of .... 26 
chemical composition of . 29 

fractures of 380 

injuries to 62 

microscopic structure of . 28 

shapes of 34 

structure of 26 

Bone cells 29 

Boxing and fencing . . .341 

Brain 249 

hygiene of 254 

Bread making . . .120, 309 

Brewing 120 
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Bronchial tubes . . . .214 

Bruises 379 

Bums 98, 378 

Caecum 159 

Cane, exercise with . . . 342 

Cane sugar no 

Capillaries 200 

Cardiac ganglia .... 182 

orifice 142 

Carotid arteries . . . .199 

Cartilage 32 
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fibro 33 

hyaline 33 

Casein 108 

Cavities of the heart . . .174 
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Digitized by VjOOQIC 



4o6 



INDEX. 



PAGE. 

Cavity of the mouth . . .126 

Cells 19 

air 214, 223 

bone 29 
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Choroid coat 286 

Chyle 157 
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Chyme 144, 156 

Cider 118 
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portal 203 
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systemic 198 

Circulatory S3rstem . . .170 
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Cleanliness and health . .318 

and sanitation .... 346 
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cautions about .... 324 
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Cochlea . 283 
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Cornea 286 

Corns 102 
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Cranial nerves 268 
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Derma 98 
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Diet 113, 305 
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Ear 281 
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foreign bodies in . . .388 
Eating, rules for .... 305 

Emergencies 371 

Emetics 390 
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Endosmosis 165 

Endothelium 93 

Epidermis .... 96, 235 
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Eye 285 
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Fibro cartilage 33 

Fibrous membrane ... 91 

Fibrous tissue 91 

Follicles of Lieberkuhn . 150 
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secretory 195 

sudoriferous . . . 100, 235 

Glottis 216 

Glucose no 

Gluten 109 

Grape sugar no 

Greater circulation . . . 199 
Gustatory bulbs .... 277 

Haemoglobine 186 

Hair 99 

Hair and nails, care of . .323 

Hair follicles 99 

Haversian canals .... 29 

Health 302 

Health and disease . . 357 
Health exercisers . . . .341 

Hearing 284 

Heart 173 

action of 180 

cavities of 174 

disorders of 177 

fatty degeneration of . .178 
nerves of ... . 182, 271 

sounds of 180 

valves of 175 

walls of 174 

Heart's action, causes of .183 

Heat and cold 274 

Heating of rooms . . . .356 

Hemorrhage 381 
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Ileum 149 

Impure air 351 
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Incus 282 

Injured, first aid to . . .371 
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Jumping 89, 337 
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Lachrymal glands . . .289 
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Large intestine . . . . 158 

digestion in 160 

Larynx 215, 230 

Leaping 89, 337 
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Lesser circulation . . .198 
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Medullary spaces .... 28 

Membrane 94 

fibrous 91 

mucous 93 

Schneiderian .... 279 
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of excretion 234 
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Parotid glands 133 

Pelvic girdle 51 

Pelvis 52 

Pepsin 145 

Pericardial fluid . . . . i74 

Pericardium i74 

Perichondrium 32 



PAOB. 

Periosteum 27 

Perspiration . . . 100, 235 

Pharynx 137, 216 

Phosphates 112 

Physiology, definition . . 12 

Pimples 102 

Plasma 186 

Plasmine 186 

Pleura 213 

Poisons 389 

Poison, alcohol as a . . .121 
Portal circulation .... 203 
Portal vein . . . . 152, 203 
Posture .... 14, 83, 343 

Protoplasm 20 

Psychology 11 

Pulmonic artery . . . .176 
Pulmonic circulation . . 196 
Pulmonic veins . . . .176 

Pulse 181 

Pupil 286 

Pyloric orifice 145 

Pylorus 145 

Red blood corpuscles . . 190 
Reflex movements . . . 261 

Refraction 291 

Respiratory system . . .212 
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